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ABSTRACTS FROM THE LITERATURE RELATING TO 
CONDITIONS OF THE TRACHEA AND BRONCHI. 


Dr. CHARLES J. IMPERATORI, New York. 


This review of the literature is from late 1940 to June, 
1941, and was taken from American and English journals. 
There have been many papers written in great detail on 
laryngotracheobronchitis, and the majority of them have 
been abstracted. The remainder of the abstracts deal with 
Anatomy, Pathology, Different Operative Methods and the 
Treatment of Conditions and Diseases Pertaining to the Tra- 
chea and Bronchi. While not dealing with conditions of the 
trachea, etc., it was felt that the opportunity should not be 
missed to comment on “a short resumé of conditions as they 
existed for the past 50 years, as given by Dean‘ in the Jubi- 
lee Volume of the Annals. Special stress and emphasis is 
placed on the importance of the work accomplished by the 
American Board of Otolaryngology. Also, the work of the 
teaching section of the American Academy of Ophthalmology 
and Otolaryngology and the influence this organization has 
had on otolaryngology is discussed. Because of improved 
teaching methods, Dean feels that there is no reason why one 


should go abroad for study to become a competent otolaryn- 
gologist.” 


It has always been felt that with the vast amount of clini- 
cal material available in all the larger and even smaller medi- 
cal centres, the teaching of otolaryngology may be very well 
conducted within our own country. With the higher stand- 
ards of medical education which have been formulated within 
the specialty, and the guidance of the American Board of 
Otolaryngology, better otolaryngologists will be developed. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, Nov. 1, 1941. 
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There are no good reasons why the United States cannot 
assume the roéle of teacher for any of the specialties with the 
equipment available. Full-time teachers, assisted by able 
clinicians, will undoubtedly obtain in the future in all our 
teaching institutions. 


Proetz* gives a short review of the history of the Annals. 


The anatomy of the bronchi in relation to technique of 
bronchoscopy is discussed by Barsby.* Postural drainage and 
methods of maintenance are given in detail. 


In the report by Norris, Kochenderfer and Tyson,* 22 
infants were studied (age from four lunar months to time of 
birth). They conclude that at birth the epithelial lining of 
the alveoli (air sacs) contain no visible epithelium. Before 
the gestation age of five to six lunar months, the obvious 
epithelial lining of the terminal air sac and the position of 
the mesenchymal capillaries at a distance from the potential 
air spaces are a great impediment to respiration. 


This modification by Holinger® of the distally lighted bron- 
choscope is an adaptation of the Negus tip, a detachable lamp 
from the light carrier and the handle of such size to give the 
instrument better balance — all applied to the original Jack. 
son infant bronchoscope. 


This modification by Jesberg* of the Tucker 3 mm. bron- 
choscope, which, in turn, is a modification of the Jackson 
4 mm. bronchoscope, has been accomplished by the use of a 
very small bronchoscopic light bulb. The outside diameter 
of the 4 mm. size is 6.5 x 5.5, and for the 3 mm. size, 5 x 
4.5 mm, These measurements refer to the beak of the instru- 
ment. They are very useful instruments for use in infants 
and are a distinct improvement in the more delicate instru- 
ments in the armamentarium. 


This very ingenious forceps has been devised by Matis’ to 
be used through a special dilating tube. The author advocates 
its use to control hemorrhage, for the fixation of deep-lying 
tissue, closing a wound and generally for endoscopic operation. 


Matis* describes a method of producing a permanent open- 
ing in the trachea. The method is indicated in inoperable 


growths of the larynx or chronic inoperable stenosis vf the 
larynx. 


| 
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This very short, concise review of the use of anesthesia in 
peroral endoscopy by Jackson and McReynolds’ must be read 
to be appreciated. They have epitomized the subject from 


their own experiences and combined it with that of many 
others. 


Zavod'’ describes a double channel tube for intrabronchial 
intubation. Each channel has a separate inflatable bag to 
permit separate respiration of each lung. 


These observers, Lemer, Pinner and Zavod," have found 
by studies on patients with tuberculosis that neither clinical 
nor Roentgenological findings are reliable indices of the func- 
tional capacity of the lungs. The authors felt that vital capac- 
ities were entirely misleading and that bronchospirographic 
studies should be made in all instances before any irreversi- 
ble collapse procedure was carried out. 


Jackson and Judd" studied 137 patients with lung abscess 
and they felt that the réle of bronchoscopy should be consid- 
ered from a threefold standpoint, viz.: 1. as a prophylactic 
measure in the prevention of abscesses because of aspiration 
of material from the bronchus; 2. as a differential diagnostic 
measure; and 3. as a therapeutic measure in the early stage 
of abscess to facilitate drainage, etc. 


Nail'® advises that endoscopic operations in children under 
12 years be conducted under avertin with amylene hydrate, 
used alone or with larocaine hydrochloride. For routine bron- 
schoscopy in adults, he makes a local application in the pyri- 
form sinuses and instillates 1 cc. of a 2.5 per cent solution of 
larocaine hydrochloride and, if necessary, further instillation 
of the same solution through the bronchoscope. 


The old story, as noted by Harner,'* of the mother insist- 
ing that the symptoms shown by the child — paroxysmal 
coughing, fever and cyanosis — following eating a particular 
substance, and the family physician probably hoping against 
hope that the child would cough up the foreign body, if such 
was the case, is here seen. Because of the somewhat isolated 
ranch home, the child was not X-rayed until approximately 
one month had elapsed since the onset of the symptoms. The 
foreign body was easily removed but, to add to the bron- 
choscopist’s further worries, the temperature became higher 
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following the removal, and a morbillous eruption appeared. 
Eventually, after measles had disappeared, the baby, age 22 
months, was cured. 


Paterson’s" report is that of a metal end of an eversharp 
pencil originally in the left main bronchus and a sequence of 
symptoms following instrumentation. Removal was done at 
the second attempt by the use of a hook. 


The report of McHugh" of this case history and the subse- 
quent discussion deserves careful study. It definitely ampli- 
fies the contention of the dictum that an X-ray study of the 
chest is indicated in anyone, regardless of history, where an 
increased respiratory rate cannot be accounted for. The sur- 
gery done on this little patient and the immediate subsequent 
after-treatment were of the highest order, regardless of com- 
plications. 


Russ and Strong" are of the opinion that intratracheal 
catheterization is most valuable in asphyxia of the newborn. 
By alternating inspiration and expiration and aspiration 
through the tube, great help is given. All other methods are 
considered and discussed. Intravenous or subcutaneous use 
of alpha lobeline 1/20 gr., coramine 2 m. and caffeine soda 
benzoate are considered. Twelve hundred patients were stud- 
ied and of these, in 196 it was necessary to do resuscitation. 


This most unusual case report is given in detail by Schall 
and Johnson'* and includes the therapeutic measures insti- 
tuted and the fatal outcome because of erosion and perfora- 
tion of the end of the tracheotomy tube into the aorta. 


Bozer’’ directs attention to bronchial collapse but, because 
of no available postmortem observations, discusses the mech- 
anism of this condition from a speculative standpoint. He 
considers the possibility of an exceedingly strong spasm or a 
weak bronchial wall inducing collapse and subsequent atelec- 
tasis. Case histories of three patients are given. 


Ashland and Einstein*® report a case with the triad of 
symptoms as first described by Kartagener. They are in 
accord with Sauerbruch that 80 per cent of cases afflicted 
with bronchiectasis occurring in childhood are congenital. 
Their case report was that of a child age 12 years. The 
author’s contention is that the upper respiratory infection 
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was not primary, although it played a part in the subsequent 
underlying bronchial disease. 


St. Engel and Newns*' discuss the probability that prolif- 
erative mural bronchiolitis is a clinical entity and not previ- 
ously described. In the condition described, there is an infil- 
tration of bronchiolar wall itself. The authors maintain that 
the condition begins as a bronchiolar one and not in the 
alveoli. 


This case report by Imperatori** deals with an infant, age 
7 months, who developed a swelling in the right side of the 
neck that increased in size so rapidly that the child could 
breathe only with the head and neck in an extreme position 
of extension. Diagnosis was made by puncture. A bloody 
serous fluid that did not coagulate was obtained. Aspiration 
was further applied and 75 cc. of fluid was removed. The 
improvement was immediate. The next day 10 cc. of fluid 
was removed and 3 cc. of a solution of diathame hydrochlor 
0.75 per cent, quinine hydrochlor 5.5 per cent, and urethane 
3 per cent was injected. A cure resulted. 


The basis of this report by Tewksbury and Fenton** is the 
analysis of the results of the treatment of 62 patients with 
iodized oil, who had either chronic bronchitis or bronchiec- 
tasis. Eighty-three per cent of the patients received either 
complete or partial relief. The author’s conclusions are that 
small doses of iodized oil in the bronchi is a safe procedure in 
chronic bronchitis. Contraindications given to this treatment 
are active pulmonary tuberculosis, acute infection or myo- 
cardial weakness with pulmonary edema. 


The conclusions arrived at by Haggard and Greenberg* in 
a study of the reaction of the mucous membranes of the res- 
piratory tract to mentholated cigarettes are that menthol 
added to tobacco in the amount now present in cigarettes on 
the American market exerts no toxic or irritant action. 


Myerson* reports the results of observations in 29 bron- 
choscopies among tuberculous children. The ulcerogranulo- 
matous type of lesion frequently seen in adults is not so com- 
mon in children. Instead, the most common gross lesion is 
that caused by pressure upon the bronchial wall by enlarged 
mediastinal lymph nodes. Perforation of these lymph nodes 
into the bronchus is uncommon. 
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Wilson** endeavored to review present day diagnostic meas- 
ures and methods of treatment of tuberculosis of the larynx 
and adjacent areas without attempting to invade the field of 
the specialist in pulmonary diseases or that of the thoracic 
surgeon. Most of the observations have been from personal 
experience over a prolonged period, and he believes that they 
warrant the statement that worthy progress is being made 


in the attack on laryngeal, oral, aural and tracheobronchial 
tuberculosis. 


Smith” is of the opinion that many pathogenic fungi pro- 
duce diseases in man which have a higher mortality than 
tuberculosis. In the treatment of some of these conditions, 
namely, actinomycosis, iodides were found to be of value. 
Gentian violet in pulmonary infection by monilia and the use 
of colloidal copper or antimony and potassium tartrate in 
coccidioidal granuloma is advised. Sulfanilamide was of value 
in the treatment of actinomycosis. 


Vadala** has given a very complete article on mycotic 
infection of the bronchopulmonary tract. Diagnosis is estab- 
lished by bronchoscopy, aspiration of exudate and further 
study by cultural and microscopic methods. Many patients 
are misdiagnosed and commonly considered as tuberculous. 
Positive diagnosis by clinical observation, repeated negative 
sputum for tubercle bacilli, bronchoscopic aspiration and the 
proper treatment other than that for tuberculosis is impor- 
tant in mycotic disease, since in the mycoses the iodides offer 
the most helpful method of cure, which in tuberculosis should 
not be used because of its detrimental effect. Proper X-ray 
interpretation aids greatly in diagnosis. Treatment, in myco- 
tic infections, depends on the organism isolated and is out- 
lined in detail in the different subdivisions of this article. A 
bronchoscopic department should be included in the clinical 


setup of all hospitals treating diseases of the bronchopulmo- 
nary system. 


Connell and Trowbride*® enumerate and discuss the pit- 
falls in arriving at a diagnosis of laryngotracheobronchitis 
and stress the early occurrence of subglottic stenosis. Their 
recommendation for immediate relief of high obstructive 


dyspnea is by tracheotomy, sulphotherapy and good suppor- 
tive care. 
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Acute laryngotracheobronchitis is a clinical entity, for in 
infants and young children it is characterized by obstructive 
dyspnea and requires in most instances instrumental inter- 
vention. Kayser® is of the opinion that intubation should be 
used in mild instances and where the procedure can be done 
by a skilled operator. In other more severe cases where bron- 
choscopic examination and suction for the removal of plugs 
or of membrane is necessary, tracheotomy is the more appro- 
priate measure. 


This article by Litchfield** impresses one with the necessity 
of early diagnosis and early treatment with warm vapor 
charged with essential oils. A very careful evaluation is 
given to treatment when necessary by suction, intubation and 
tracheotomy. 


Cummings” reports an acute laryngotracheobronchitis is a 
relatively uncommon disease, appearing most frequently in 
infants and children. It tends to spread by continuity of tis- 
sue from the larynx and trachea to the smaller airways. The 
secretions are viscid and, as the disease progresses, there is a 
tendency to the occlusion of the smaller airways by secretion, 
crusts and edema. The hemolytic streptococcus is the organ- 
ism most frequently found, but any of the common bacteria 
except the diphtheria bacillus may be recovered in pure or 
mixed culture. Treatment demands bed rest, highly humidi- 
fied air, adequate fluid intake and, at times, sulfanilamide, 
tracheotomy or intubation; instillation into the tracheotomy 
tube to prevent drying of secretions of normal saline, or, if 
the staphylococcus is present, bacteriophage, and bronchos- 
copic removal of secretion and crusts. There are here reported 
the case histories of 14 patients on whom tracheotomy was 
performed because of the severity of the infection. The mor- 
tality was 50 per cent. 


Orton, Smith, Bell and Ford® give an analysis of 62 cases 
of acute laryngotracheobronchitis, with reports of autopsies 
in eight cases. Acute laryngotracheobronchitis in young chil- 
dren is an important problem both for the general practi- 
tioner and for the pediatrician. Proper handling of this 
disease requires early recognition. When signs of obstructive 
dypsnea appear, valuable time should not be lost in treating 
the condition with diphtheria antitoxin. When acute laryn- 
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gotracheobronchitis is suspected, the patient should be trans- 
ferred immediately to a hospital where direct laryngoscopy 
and bronchoscopy can be carried out immediately and where 
more active treatment, such as intubation and tracheotomy, 
may be done at a moment’s notice, with an especially trained 
personnel always immediately available. If time permits, 
Roentgen study should be made prior to operation ; otherwise, 
it should be done immediately after tracheotomy. Intubation 
should be done only for immediate relief; this should be fol- 
lowed by tracheotomy. Patients should be placed in a room 
in which the air is supersaturated with moisture and main- 
tained at a temperature of 70° F. at all times. This tempera- 
ture and high humidity provide a more comfortable environ- 
ment for the patient than the old-fashioned hot croup tent. 
By the use of a mechanical humidifier, the humidity in a tent 
can be raised to 95 per cent when the room temperature is 
70° F. The temperature and humidity of an oxygen tent have 
more effect on the comfort of the average patient than does the 
concentration of oxygen. If the temperature of the air is not 
above 70° F., the loss of water from the body can be decreased 


by increasing the humidity. Tracheotomy is the operation par 
excellence. 


Wilson** and his associates at Willard Parker Hospital, 
New York, states: “‘We consider as indicated for tracheotomy 
those cases in which obstruction is not relieved by intubation, 
and cases in which we cannot extubate after one week. This 
statement needs some explanation. In diphtheritic croup, the 
patients recover or die within a few days, and an intubation 
tube is inserted for only a short period. In laryngotracheo- 
bronchitis, the patients do not recover so rapidly, although 
they frequently die rapidly; therefore, they require help in 
breathing for one or two weeks or more. The pressure of an 
intubation tube upon a succulent, tender, inflamed mucous 
membrane produces ulceration, and when these are deep the 
resulting scar formation causes chronic laryngeal obstruction. 
In laryngotracheobronchitis, cyanosis is not common because 
the obstruction does not occur suddenly or completely but is 
slow in development and incomplete. In these cases of slowly 
progressive obstruction of the larynx there is a high pitched 
inspiratory rasp accompanied by retraction of the supra- 
clavicular region, the spaces between the ribs and the sub- 
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sternal region. The face is pale and not cyanosed; the lips 
are pale; and as the dyspnea becomes more severe the pallor of 
the face increases, and a white line appears on the upper and 
lower lips, completely surrounding the mouth. This is a ter- 
minal sign indicating impending death through exhaustion 
and lack of oxygen and is an imperative indication for imme- 
diate tracheotomy. Sudden death occurs following trache- 
otomy, both in adults and in children, by the sudden dilution 
of the residual carbon dioxide in the lung by the inrush of 
air. The remedy is the administration of carbon dioxide and 
oxygen, and this should be on hand and ready for use along- 
side of the operating table. It is best to administer carbon 
dioxide and oxygen to the patient as a routine immediately 
following a tracheotomy because if one waits for symptoms, 
the patient has already ceased breathing from lack of carbon 
dioxide, and it is then difficult, if not impossible, to get suffi- 


cient carbon dioxide to the respiratory centre in time to revive 
the patient. 


Emphysema and Pneumothorax: This is common, occur- 
ring in about 75 per cent of the cases. When pneumothorax 
occurs on both sides, it is exceedingly dangerous. It may 
occur spontaneously, with or without a tracheotomy. 


Halpert** emphasizes that in his experience, males between 
the ages of 41 and 60 years comprise the majority of patients 
with carcinoma of the lung. The site of the origin is in a 
bronchus or one of its branches, in either lung. In those 
instances where the site of the lesion is easily seen through 
the bronchoscope because of the proximity of the bifurcation 
of the trachea, the possibility of operation is lessened, where- 
as those lesions in the smaller branch bronchi and inaccessible 
to bronchoscopy were more amenable to surgical treatment. 


Holinger and Radner*™ conclude that bronchoscopy in bron- 
chial carcinoma are fourfold: a. To study the character of 
the lesion; b. to note its location, etc.; c. to secure tissue for 
biopsy; d. to aid in determining the operability of the tumor. 


Singer*® concludes that the clinical picture of carcinoma of 
the lung is still so varied that no definite pattern has been 
discovered to fit the many types of pathologic conditions pres- 
ent. Because of the various methods of diagnosis, few cases 
are now overlooked; also, because the value of diagnosis is 
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appreciated in order that early surgery can be done. He has 
described a thoracoscope of his own devising. 


Ormerod* reviews a series of cases, discusses and consid- 
ers that there is much for further investigation in differen- 
tiating between carcinoma and so-called adenomata. Diag- 
noses in the cases that he has reviewed were all established 
(histologically). The results with the use of radon seeds are 
tabulated. Twenty-one patients survived for more than one 


year after treatment but with only one alive after the second 
year. 


Samson,** in discussing Jackson and Judd’s™” paper before 
the 1940 meeting of the American Society of Thoracic Sur- 
gery, stated that, next to cancer, lung abscess was the most 
fatal common disease of the chest, and advocated bronchos- 
copic examination in all patients excepting those who had a 
brain abscess or the complication was hemorrhage. 


Poppe“ gives an epitome, in lung abscess, bronchiectasis 
and lung tumor, of the method of arriving at a diagnosis, 
etiology and pathology and symptomatology. Also, the indi- 
cations for the surgical treatment of lung abscess. Lobectomy 
in bronchiectasis and pneumonectomy for lung tumor. 


Moore evaluates this method of radiology (laminogra- 
phy), stating that in his opinion early diagnosis of malignant 
tumor will be accomplished through this method. 
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A PRESENT CONCEPTION OF THE GRADENIGO 
SYNDROME.* 


Dr. LESTER MEAD HUBBY, New York. 


In 1904 and 1907, Gradenigo wrote his classic papers on the 
syndrome named for him. This consisted of the triad, pain in 
the head, especially in the temporoparietal region, purulent 
otitis and VIth nerve paralysis, all on the same side of the 
head. These papers stimulated an intensive study of the 
petrous bone and resulted in greater knowledge of the latter. 
its semiology, histology, pathology and especially the surgical 
technique for its drainage when necrosis occurred in different 
parts of the petron. 


The production of this syndrome generally starts as an 
acute infective otitis. Since the tympanum has a direct con- 
nection with the air cells of the mastoid and of the petrous 
pyramid, an infection of the one involves to a lesser or greater 
degree the others. 


Sometimes it is the mastoid cells which succumb to the 
infection, and a coalescing osteitis may result, requiring a 
mastoidectomy. 


At other times the main infection is in the petrous cells, 
and if the bone necroses, drainage may be necessary. 


The third condition may involve air cells in both the petron 
and the mastoid, which is most common in Gradenigo’s syn- 
drome. 


In a very large percentage of these infections of the tym- 
panum, only the mucosa of the tympanum, the mastoid and 
petrous air cells are involved; there is little or no destruction 
of the cell walls; the bacterial toxins may pass from the sub- 
epithelial cells through the tissue spaces, through the bone to 
the periosteum or dura near the air cells, particularly where 
the bone is thin or deficient. Inflammatory edema results in 
these areas, which may subside promptly after free drainage 
is secured by a myringotomy. 


*Read at the Seventy-fourth Annual Meeting of the American Otological 
Society, Inc., Atlantic City, May 26, 1941. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, June 6, 1941. 
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If the edema occurs at the apex of the pyramid near Dorel- 
lo’s' canal, the swelling of the dura will so constrict the 
abducent nerve that paralysis results. 


If the infection does not cause much, if any, destruction 
in the petrous cells, and if the mastoid cells when they necrose 


are removed, the pain and VIth nerve paralysis promptly 
disappear. 


This is the usual history of what should be called the 
Gradenigo syndrome. 


The condition is that of subacute petrositis or petrosismus, 
as Pragier? suggested in 1933. 


The appearance of the pain and diplopia is early, usually 
within four weeks, the X-rays may show some cloudiness of 
the petrous air cells but no destruction of the bony cellular 
walls. The constitutional symptoms are mild in subacute 
petrositis per se. 


PAIN. 


The pain is at first intermittent and worse at night, later 
becoming more constant and agonizing. 


Gradenigo localized it usually in the temporoparietal region, 
though at times around the forehead, orbit, teeth and neck. 


There are many attempted explanations for its cause. 


1. Pressure or irritation of the Gasserian ganglion in the 
cavum Meckeli, where one layer of the dura separates the 
ganglion from an apical inflammation. This layer of dura is 
closely adherent below to the bone of the apex, and above to 
the ganglion. 


Inflammatory edema of the dura beneath the ganglion is 
supposed to exert sufficient pressure on the three branches of 
the Vth nerve to cause reflex pains in the various distribu- 
tions of the trifacial. 


2. Vail® suggested that the greater superficial petrosal 
nerve could easily be affected by inflammation at the apex 
as it is close to the petrous apex, from the hiatus Fallopii 
along near the crest of the pyramid, passing under the tri- 
facial ganglion and finally reaching the lacerated foramen, 
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where it joins the great deep petrosal nerve to form the 
nerve of the pterygoid canal (Vidian nerve) ; but it is yet to 
be proven that there are nerve fibres of pain sense in this 
nerve. Moreover, the irritant is applied to the nerve and not 
to the nerve sense terminations, and so would need greater 
stimuli to produce pain. 


The greater superficial petrosal nerve enervates the lacrimal 
gland, so disease of it decreases the lacrimal secretion. 


Tremble and Pennfield‘ reported a case of perineural fibro- 
blastoma of the nerve without any pain, but there was 
decreased secretion of the lacrimal gland on that side. 


Seydell® reported 41 cases of petrositis, 36 per cent of whom 
had no characteristic pain, and 5 per cent had no pain. 


8. It is generally agreed among physiologists that ceph- 
algia usually results from stretching of the dura, either 
locally or generally. 


Head,’ in explaining reflex pains, stated that when a pain- 
ful stimulus is applied to a part of low sensibility in close 
connection with a part of much greater sensibility, the pain 
produced is felt in the part of higher sensibility rather than 
in the part of lower sensibility to which the stimulus was 
actually applied. Thus, in irritation of the dura the pain is 
switched to the more sensitive areas supplied by the same 
nerves, such as the parietotemporal, eye, teeth, etc., regions. 


Krause, in 1904, suggested that the pain was due to dural 
irritation, and this was mentioned by Myerson’ in July, 1935. 


The tentorium is enervated by a recurrent branch of the 
first or ophthalmic division of the trifacial. The tentorium 
is attached to the crest of the pyramid, to the posterior and 
anterior clinoid processes, and could easily be stretched by 
inflammatory edema near the apex, resulting in a reflex pain 
near the eye. 


The dura of the middle fossa is enervated by branches from 
the maxillary and mandibular nerves of the trifacial. The 
stretching of the dura on the anterior surface of the pyramid 
near the apex could easily cause reflex pains in the temporo- 
parietal region, in the jaws, teeth and face. 


T 
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The dura of the posterior fossa is supplied by branches 
from the vagus and hypoglossal. Its stretching could readily 
produce reflex pain in the occipital and cervical regions. 


It would appear far easier to produce afferent impulses in 
the receptive terminal sensory endings of a nerve of pain 
sense than in the nerve trunk, surrounded as the latter is 
with neurilemma, capillaries and perivascular tissue spaces. 
Only in confined bony or strong ligamentous spaces would it 
be logical to expect that sufficient pressure would be applied 
to initiate afferent pain impulses. 


Inflammation of the nerve sheaths producing a neuritis 
might conceivably cause sufficient pressure to cause pain. 


In the Gradenigo syndrome the pain disappears too quickly 
to consider it to come from an infectious neuritis. 


There have been several cases reported where the Gas- 
serian fibres were bathed in pus without any pain symptoms. 
Friesner® quotes the cases of Uffenorde, Hilgerman and 
Brunner. 


Some of the nerve fibres here showed degeneration, but 
there were surely sufficient fibres remaining normal to trans- 
mit pain sensations if caused by neuritis. 


Another explanation for the pain in and around the eye is 
that the ophthalmic nerve is closely bound down by the dura 
and would, therefore, be put on a stretch when the latter 
swells. It is also stated that the two other branches of the 
Vth are not bound down tightly. 


How, then, explain the temporoparietal, teeth, etc., pain? 


ANATOMY. 


A brief survey of the anatomy of the petrous apex region 
follows: 


The tentorium divides to enclose the lateral sinus pos- 
teriorly ; anteriorly, it is attached to the ridge of the petrous 
pyramid enclosing the superior petrosal sinus, then passes 
medially to the posterior clinoid process. 


The free border of the tentorium passes forward to the 
anterior clinoid process, crossing the part that goes to the 
posterior clinoid process. 
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It also helps to form the dural diaphragm over the sella. 


The tentorium is very adherent to the petrous ridge and 


the clinoid processes and helps to form the upper boundary 
of Dorello’s canal. 


The inferior petrosal sinus passes from the cavernous sinus 
posteriorly to Dorello’s canal, where it is usually situated 
medially and more or less above the VIth nerve. It then 
enters a groove along the petro-occipital suture, passing out- 
ward and backward to the jugular foramen, finally ending in 
the internal jugular vein. 


The VIth nerve has the longest free course in the cranium 
of all the cranial nerves. 


Its superficial origin is at the lower edge of the pons, at 
about the junction of the olive and the pyramid. 


It is only 6 mm. separated from the VIth nerve of the oppo- 
site side at this point. 


The nerve then passes upward and slightly outward for a 
distance of about 15 mm. to Dorello’s canal, crossing usually 
over the inferior petrosal sinus to the lateral angle of Dorel- 
lo’s canal, then through the canal; then, bending slightly 
downward, pierces the cavernous sinus, passing forward just 
lateral to the internal carotid artery. 


On leaving the cavernous sinus it passes forward, entering 
the superior orbital fissure just above and lateral to the oph- 
thalmic vein and below and internal to the inferior division 
of the IlIrd nerve, the nasociliary nerve and the superior 


division of the IIIrd. finally reaching the external rectus 
muscle. 


The distance between the two VIth nerves at Dorello’s 
canals is about 20 to 25 mm. 


The position of the nerve in Dorello’s canals varies a great 
deal, and the diameters of the canal openings are not uni- 
form. These vary not only in different individuals but also 
in the same person on the two sides. 


Sometimes there is a bony partition between the inferior 
petrosal sinus and the nerve, thus further limiting the dilata- 
bility of the opening for the VIth nerve. 
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All these variations explain why the VIth nerve palsy so 
seldom occurs, even in the probable presence of an inflam- 
matory edema. 


The trifacial nerve pierces the dura about 10 mm. above 
the VIith nerve and a little more lateral and close to the roof 
of the tentorium, passes over the crest of the petrosa near 
the apex tip, is surrounded by dura and arachnoid which 
forms a sack, called the cavum Meckeli, which lodges the semi- 
lunar ganglion. 


Fig. 1. Showing relations of VIth nerve at Dorello’s canal. 


The dura below and above the ganglion is closely adherent. 
The bone under the ganglion is hollowed out into a distinct 
depression for the ganglion, is usually very thin, and forms 
the roof for the internal carotid and sometimes for a large 
pneumatic cell. 


The ganglion lies over its motor root and over the greater 
and lesser superficial petrosal nerves to which it is closely 
attached. 


The motor root becomes incorporated wholly in the man- 
dibular or third division of the Vth nerve. 


The ophthalmic nerve is said to be more bound down by 
the dura and, therefore, more subject to pressure or stretch- 
ing (Roberts’). 


Dorello’s canal is situated at the synchondrosis of the 
petrous apex and the basisphenoid, is triangular or crescent- 


shaped, 8 mm. wide and 4 mm. deep (Profant*’), with great 
variations. 


id 
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The superior petrosal sinus leaves the crest of the petron 
a few millimetres before reaching the tip of the apex, passes 
forward and inward, and enters the cavernous sinus anterior 


to Dorello’s canal and to the entrance of the inferior petrosal 
sinus. 


The crest of the pyramid is continued inward to the tip, 


where it sometimes becomes a projecting process, called the 
sphenoidal spine. 


From the spine a fibrous ligament, reinforced by tentorial 
dura, extends inward and is attached to the posterior clinoid 
process, forming the roof of Dorello’s canal, and is called the 
petrosphenoidal or Gruber’s ligament. 


The lateral wall is formed by dura and the tip of the apex. 


The internal wall is the edge of the dorsum sellae of the 
sphenoid. 


The floor is formed by the petrosphenoidal synchondrosis 
and part of the dorsum sellae of the sphenoid. 


The canal is entirely lined with dura and extends forward 
and slightly upward for a distance of around 4 mm. The 
Vith nerve is held snugly in a depression just mesial to the 
tip of the petrous apex. 


The sphenoid sinus is sometimes very close, 2 mm., to 
Dorello’s canal, varying according to the size of the sinus. 
When the sinus is small it may be 22 mm. from the canal. 


This explains the occasional VIth nerve paralysis with 
purulent sphenoidal sinusitis according to Houser." 


PNEUMATIC CELLS. 


It is the exception to find pneumatic cells at the apex. At 
birth there is practically no apex beyond the labyrinth. 


A well pneumatized mastoid in an adult is usually accom- 
panied by a well pneumatized petrous bone. 


The adult petrous is reached in the fourth or fifth year 
according to Profant.*® 


Pneumatization of apex cells is 10 to 15 per cent, but the 
percentage is much higher in the cells just medial to the 
superior semicircular canal. 
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The cells of the petrous are usually mixed pneumatic and 
diploic in the adult. 


Mastoid pneumatization is usually complete at age 5 years 
according to Gordon Wilson.” 


The apex usually pneumatizes later than the mastoid 
(Friesner’’) and may continue to penumatize in the pyramid 
after it has stopped in the mastoid. 


Gradenigo found air cells in tip of most cases showing his 
syndrome. 


According to Guild," air cells originate from four primary 
regions: 1. Osseous portion of Eustachian tube; 2. hypotym- 
panum; 3. epitympanum; and 4. mastoid antrum. 


Marvin Jones" found no air cells in 16 specimens in ante- 
labyrinthine region. 


Air cells are lined with pavement epithelium and a richly 
vascular areolar tissue. 


Diploic cells are in various proportions in the petrous bone. 


In the young they are predominantly red, hematopoietic; 
in the adult, fatty or yellow. 


The amount of red may be greatly increased by local or 
general infections, changing from fatty to red bone marrow. 


The marrow spaces communicate freely according to Gor- 
don Wilson and are more resistant to infection than air cells. 


Growing bone has many more blood vessels than the com- 
paratively stationary adult bone. 


Diploic cells verge with those of basisphenoid and basi- 
occipital in many adult bones. 


The dura is supplied by sensory branches from all three 
divisions of the Vth nerve. 


The nervus tentorii is a small recurrent branch from the 
ophthalmic trunk near the Gasserian ganglion and, running 
backward across the IVth nerve, ramifies between the layers 
of the tentorium. 


The ophthalmic nerve, through its lacrimal nerve branch, 
supplies branches to the lacrimal gland, conjunctiva, and to 


{> 
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the skin of the lateral commissure of the eye. It communi- 
cates with the zygomatic branch of the maxillary nerve, 
which carries secretory fibres to the lacrimal gland from 
Meckel’s ganglion and the greater superficial petrosal nerve. 


The frontal nerve from the ophthalmic, enervates through 
the supraorbital nerve, the skin above the eye. 


Fig. 2. Showing meningeal branches near Meckel’s ganglion and branches 
to cornea, forehead, etc. 


It supplies sensory fibres above the eye and can account 
for the pain in that region. The nasociliary nerve branch of 
the ophthalmic, through the ciliary ganglion, enervates the 
conjunctiva, cornea, iris and iris muscles. 


Fig. 3. Showing branches from maxillary nerve through Meckel’s ganglion 
to the orbital periosteum. 


The maxillary nerve gives off a recurrent branch near the 
Gasserian ganglion, the nervus meningeus medius, which 
passes to the dura and middle meningeal artery, supplying 
the middle fossa dura. 


The maxillary nerve also sends sensory branches to the 
sphenopalatine ganglion, some of which continue as ascend- 
ing orbital branches and supply the periosteum of the orbit. 
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Therefore, pains in and around the eye are enervated by 
the ophthalmic and maxillary nerves, and can be initiated by 
stretching of the dura in the middle fossa. 


The mandibular nerve gives off, as it issues from the fora- 
men ovale, a recurrent branch (nervus spinosis) which 
re-enters the skull through the foramen spinosum and sup- 
plies the dura in the middle fossa. 


The vagus nerve has a recurrent or meningeal branch from 
the jugular ganglion, which passes upward through the jugu- 
lar foramen, to be distributed to the dura in the posterior 
fossa. 


Irritation of the dura in the posterior fossa might cause 
pain in back of auricle and the external acoustic meatus. 


The hypoglossal nerve also has a recurrent branch near its 


origin, which supplies the dura of the posterior fossa at the 
base of the skull. 


This recurrent branch probably derives its fibres from the 
first and second cervical nerves, and the fact that the great 
auricular, lesser occipital and greater occipital nerves also 
arise partly from the second cervical nerve would explain the 
pain back of the ear and back of head. 


PATHOLOGY. 


The petrous bone, like other bones in the body, has Harver- 
sian and Volkmann canal systems for bringing blood to the 
cells and removing it through the veins. The blood vessels 
come from the periosteum, the dura and through the air cells 
route, in the submucosal lining from the tympanum, mastoid 
antrum and mastoid pneumatic cells. 


The tissue fluids around the blood vessels and the cells are 
the ultimate intermediaries for bringing fresh products to 


the cells, and the removal of discarded chemical and biochem- 
ical materials. 


The infection usually starts in the nasopharynx and Eusta- 
chian tubal lining, proceeding thence to the tympanum and 
the air cells of the mastoid and petron. 


The lining membrane of epithelial cells and subepithelial 
fibrous cells swell and there is a production of toxins, and 
there may be a purulent exudate in the cell cavities. 
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In parts there may be destruction of the epithelium. At 
any rate, the toxins get into the submucosal tissue fluids. 


Thence they pass through the bone, either in tissue fluid 
channels in the canaliculi or in the perivascular or peri- 
neural channels to the epidural spaces. 


Fig. 4. Showing minute channels and canaliculi in the bone. Obtained 
through courtesy of Dr. E. P. Fowler, Jr. 


The response of the dura to these toxins is inflammatory 
edema. This is brought about by the histamine and hista- 
mine-like substances which cause dilatation and increased 
permeability of the capillaries, the plugging of the tissue 
fluid channels, etc., with the result that the dura swells up 
to several times its normal thickness. 


When this dural swelling occurs in confined passages such 
as Dorello’s canals, the pressure may be sufficient to paralyze 
the VIith nerve by interfering with the circulation of fluids 
in its perineural envelope. 


That it is merely a temporary circulatory phenomenon is 
proven by the fact that the paralysis often disappears in a 
day on reduction of the dural swelling. 


If the paralysis were due to a neuritis, this could not hap- 
pen so quickly. 


That the inflammatory edema of the dura contains few if 
any bacteria can be postulated for the same reason; namely, 
that the process would become purulent otherwise. 


é 4 
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The production of abscess over bone is usually preceded by 


an osteitis or osteomyelitis and direct communication through 
a dehiscence. 


The infection passes by the routes of least resistance; 
namely, the chains of air cells which were outgrowths from 
the tympanum, aditus, antrum or mastoid cells such as the 
peribulbar cells. 


In osteitis of the petron, the infective process is slower, so 
that there may be thrombophlebitis or thromboses in the 
veins, or even arteritis with thrombosis, the infection pro- 
ceeding by these paths, as well as the tissue fluid spaces. 


Eagleton’ has shown that these infected thromboses lead- 
ing through the dura and even into the brain are centres for 
the production of local abscesses. 


Vith nerve paralysis and pain has been reported by Fries- 
ner in a case of epidural abscess over the mastoid tegmen. 
The stretching of the tentorial dura could account for the 
pain, and the existence of a subacute petrositis, together with 


inflammatory edema at the apex, could cause the abducent 
paralysis. 


In osteitis of the apex the inflammatory edema is more 
liable to be localized at the spot where the dehiscence is form- 
ing on account of the commonly lengthy destructive process. 


Time enough is given for the production of a protective 


wall of resistance to an extension of the inflammatory edema 
to Dorello’s canal. 


This may explain the absence of abducent paralysis in 
many of these severe cases of bone destruction. 


Heterolateral paralysis of the VIth nerve may be explained 
as follows: 


1. Spread of the inflammatory edema to other side of basi- 
sphenoid, especially with that Dorello canal being small. 


2. Sphenoiditis of the other side. 
3. Sinus thrombosis of the other side. 


4. Markedly increased intracranial pressure. 


. Undiscovered subacute petrositis of other side. 
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Of course, other common causes of this paralysis must be 
eliminated in making the diagnosis, such as syphilitic or 
tubercular basilar meningitis, tumors, pontine disease, etc. 


The Vith nerve has been reported absent on one side. 


Perkins'* stated that in 101 cases of meningitis there were 
only four with VIth nerve paralysis, or less than 4 per cent. 


DIAGNOSIS. 


The differential diagnosis between a subacute petrositis 
with pain, and VIth nerve paralysis; and acute osteitis of the 
petrous bone while the latter is still intrapetrosal is not easy. 

In the former, the early appearance of the abducent paraly- 
sis compared to the late or absent paralysis in the true case of 
osteitis; the mere cloudiness of the X-ray of the apex com- 
pared to disappearance of cell outline due to halisteresis, 
especially if there has been a series of pictures taken at two 
or three angles and the suspected osteitis shows a progression 
of the destruction. 


The rapid improvement, disappearance of pain and lessen- 
ing of the abducent paralysis after myringotomy or simpl 
mastoidectomy when there is mastoid osteitis clinches th- 


diagnosis, providing there is no recurrence of the Vth and 
Vith nerve symptoms. 


Increased calcium in the pus from the ear may appear in 
cases of osteitis. 


Friesner’’ says that it may contain as much as 37 mg. of 
calcium per 100 cc. 


Of course, this is only of value when the osteitis is con- 
fined to the petrous bone. 


After the osteitis has become peripetrosal, other symptoms 
may appear — signs of meningeal irritation, increased cere- 
brospinal fluid cell count, and changed chemical composition, 
and possibly increased pressure. 


Pain may appear in the occipital or cervical region in the 
posterior fossa lesions, or symptoms from the IXth, Xth and 
XIth nerves, such as difficulty in swallowing and hoarseness. 


Anterior fossa symptoms such as pain in, around and back 
of eye, pain in parietotemporal region, teeth, etc. — carotid 
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plexus symptoms; e.g., Horner’s syndrome, such as myosis, 
ptosis and flushing of same side of face — greater superficial 
petrosal nerve symptoms, such as decreased lacrimal gland 
secretion and corneal hyper- or hyposensitivity, in involve- 
ment of the ophthalmic nerve through the ciliary ganglion. 


Anesthesia of the cornea will occur when the sensory fibres 
of the ophthalmic nerve that passes through the nasociliary 
branch to the ciliary gangion are not functioning. 


Eye ground symptoms should suggest thrombophlebitis 
with thrombosis. According to Lillie,*° this occurs in 10 per 
cent of lateral sinus thrombosis. 


Paralabyrinthine symptoms may occur when the osteitis is 
near the labyrinth, and facial nerve symptoms when the oste- 
itis is near the internal auditory meatus or the Fallopian 
canal. 


Lateral pharyngeal symptoms may appear when pus breaks 
through the inferior surface of the apex or through the jugu- 
lar foramen. 


Loss of sensation, thermal and tactile, in the areas of the 
Vth nerve distribution, may occur in severe involvement of 
the Gasserian ganglion or its nerves. 


TREATMENT. 


The treatment of subacute petrositis without osteitis 
resolves itself into that of the tympanum, and the mastoid if 
there is any osteitis in the latter. 


An efficient myringotomy and, when necessary, a thorough 
simple mastoidectomy, removing all the air cells in the zygo- 
matic, the semicircular canals and the peribulbar regions, 
will usually result in the quick disappearance of the pain and 
improvement of the abducent nerve paralysis. 


Chemotherapy should be given intensively as long as there 
is no osteitis of the petrous bone. 


CONCLUSIONS. 


1. Subacute petrositis with abducent paralysis is a rare 
complication of bacterial otitis. The conditions necessary for 
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its occurrence are extremely limited. There must be an unob- 
structed pathway through at least one chain of air cells 
into the petrous bone. The bacteria must be of sufficient 
virulency or the host must have a sufficiently low resistance 
to the attacking organisms. The children involved are mostly 
unhealthy and below par. Dorello’s canal must be small 
enough so that a slight swelling of its wall is sufficient to 
produce paralysis. 


2 
inflammatory edema, on the anterior or posterior surface of 
the petrous pyramid, thus stimulating the rich terminal net- 
work of nerve fibres at their sensory endings in the dura. 


The pain is reflected and felt at the more sensitive areas sup- 
plied by these nerves. 


Q 


Petrosal osteitis and osteomyelitis must be recognized and 
differentiated. If these two conditions are reliably excluded, 
the mortality should be extremely low, much below 7 per cent 
(Gradenigo’s estimate in 1908, and Perkins’' series with 
11.5 per cent mortality, reported in 1910). 


1. DoreELLo in 1905 suggested that compression in this canal produced paraly- 
sis of the VIth nerve. 
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The pain is caused by stretching of the dura, due to its 


The diagnosis of the condition is vital. 
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THE DEVELOPMENT OF THE AUDIOMETER.*+ 
C. C. BUNCH, Ph.D., St. Louis. 


The modern audiometer is the result of the evolutionary 
demands of otologists, acoustic engineers and others who 
desired to learn more about the nature of the hearing proc- 
ess. The student who is interested in tracing its develop- 
ment finds himself confused, in the foreign journals at 
least, with the somewhat promiscuous use of the words, acu- 
meter, acoumeter, audimeter, audiometer and sonometer. This 
should be expected since these words were coined from Greek 
or Latin roots having almost identical meanings. Dorland' 
defines the audiometer as ‘“‘a device to test the power of hear- 
ing,” an acoumeter as “an instrument for use in testing the 
accuracy or acuteness of the hearing,” and a sonometer as “an 
apparatus for testing acuteness of hearing.” In none of these 
definitions is there any specification as to the nature of the 
source of the sound stimulus. The German word “Hoérmesser’ 
might with equal accuracy be translated into the English 
language as an acumeter, audiometer or sonometer. Politzer’s 
Hormesser,** described in 1877, in which the sound stimulus 
resulted from the noise of a small weight falling upon a rigid 
bar, in the English translation of his text is called an acou- 
meter; Urbantschitsch’s “Elektrischer Hérpriifungs Appa- 
rat’’’* is called an electric acoumeter in Dench’s American 
text ;'* a series of bells with automatic striker, designed for 
hearing tests by Beerwald was called an acoumeter by Hart- 
mann and Schulte” in their review of the literature for the 
year 1887; and Ostmann’s® series of tuning forks was called 
an “objective audiometer.” As late as 1937, the Council on 
Physical Therapy of the American Medical Association gave 
this definition :** “A clinical audiometer is an instrument for 
measuring the acuity and range of hearing.” Regardless of 
this confusion of nomenclature and definition, the word audi- 
ometer today among otologists and acoustic engineers is quite 
generally restricted to instruments in which the stimulus 


*Read at the Seventy-fourth Annual 
Society, Inc., Atlantic City, May 26, 1941 

7From the Department of Otolaryngology, the Oscar Johnson Institute, 
Washington University Medical School, St. Louis. 
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publication, June 29, 1941. 
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tones are generated electrically. This being the case, the 
invention of the telephone by Alexander Graham Bell in 1876 
places a definite time limit upon the search for the origins 
of the modern audiometer. Changes in design have rapidly 
followed the evolutionary development of the knowledge of 
the applications of the electric current in telephony. 


Credit for the earliest application of the electric current to 
hearing tests undoubtedly rests between two investigators, 
A. Hartmann and D. E. Hughes. Hartmann,” in the early 
part of 1878, devised an instrument using an electric current 
with a telephone receiver for hearing tests. This instrument 
is called an “acoumeter” in the English translation of his 
text.° He describes it as follows: “After the invention of the 
telephone, the author endeavored to obtain an exact gradua- 
tion of sound by means of electric currents. In the circuit 
is placed 1. a tuning fork, by which the current is inter- 
rupted at regular intervals; 2. a rheocord, or a sliding induc- 
tion apparatus, by means of which the intensity of the cur- 
rent can be varied and exactly regulated at will; and 3. a 
telephone, at which is heard a tone corresponding with that 
of the vibrating tuning fork, of more or less intensity accord- 
ing to the strength of the current. Although the hearing-test 
can be made easily and rapidly by means of such an appara- 
tus, it is, unfortunately, somewhat too complicated, and as 
only a small number of tones can be produced, the apparatus 
has not yet been introduced into practice.” Neither the origi- 
nal article nor his text give an illustraton of this instrument. 
From his statements it is evident that it did not receive great 
consideration even from the inventor during the time between 
1878 and 1887. Hartmann was apparently not satisfied with 
it, for he stated in his text,*° “A perfect acoumeter must pos- 
sess the following qualifications. It must have as great a 
range of tones as possible, which can always be pro- 
duced at the same intensity; it must be handy and simple, 
so that it can be employed without difficulty in all ordinary 
examinations. It must further be so constructed that it can- 


not only be used for testing air-conduction but also the bone- 
conduction.” 


Fig. 1 shows the electrical circuit used in Hartmann’s acou- 
meter as it was modified by Korting.* The tuning fork for 
interrupting the primary circuit described by Hartmann is 
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not shown in the diagram. Korting states that it was used 
for testing the hearing of army recruits. 


In 1879, Hughes* described an instrument called an “induc- 
tion balance,’ which he used for the analysis of certain 
metals. He states that he “. . . joined to this instrument an 


Element. 4/ Maltiplicator. W Wippe. & Rubmkorff. 
Rh Rheochord. T Telephone. 


Fig. 1. Wiring diagram of Korting’s (1879) modification of Hartmann’s 
audiometer of 1878. The essentials are the battery (E), induction coil (R), 
sliding inductance (Rh) and telephone receivers (T). The tuning fork 
described by Hartmann is not shown. 


Lonoon 


Fig. 2. Illustration from the 1893 edition of Delby’s text showing the 
audiometer designed by Hughes (1879). Batteries and tuning fork inter- 
rupter are attached at (B). No tone is produced when the movable coil (C) 
is midway between the fixed coils (F) and (H). As (C) is moved along the 
bar (P) toward either fixed coil, the tone in the telephone receiver increases. 
Intensity values were in terms of distance from the center. 


instrument to which I have given the name of electric sono- 
meter.” During the same year, Richardson*® wrote quite 


enthusiastically, “. . . the world of science in general, and the 
world of medicine in particular, is under a deep debt of grati- 
tude to Prof. Hughes for his simple and beautiful instrument 
which I have christened the audimeter, or less accurately but 
more euphoniously, the audiometer.” 
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This audiometer must have been used by certain otologists 
other than Richardson, for the illustration shown in Fig. 2 
was taken from Dalby’s text of 1893. J. Orne Green** exhib- 
ited this instrument in America and reported that he “was 
not prepared to give his opinion of the instrument in full at 
this time, but could say that it was not an accurate measure 
of the hearing power in general as in relation to talking, 
but only in relation to this special kind of sound, which 
is a different matter, the hearing for one kind of sound 


being often impaired without that for another suffering any 
change.” 


Politzer was at this time apparently quite optimistic about 
these instruments, for in his text** he states, “In the Physio- 
logical Society of Berlin (Discussions of Jan. 11, 1878), 
Arthur Hartmann demonstrated a new method of testing the 
hearing. It is possible to graduate a sound created in a tele- 
phone with an exactitude hitherto unapproached, as the elec- 
tric flashes transmitted to the telephone can be altered in a 
precisely definable manner by the interpolation of different 
kinds of resistance. It may be expected that many questions 
regarding the perceptions of the ear, which are still unex- 


plained, will be brought nearer to solution by this important 
discovery.” 


Both of these instruments apparently have similar electri- 
cal circuits. The current in the primary of an induction coil 
is interrupted by an electric tuning fork. The interruptions 
induce an alternating current in the secondary circuit which 
includes the telephone receiver. The pitch of the fundamen- 
tal tone in the receiver is determined by the rate of 
vibration of the tuning fork. Different fundamental tones 
can be secured only by installing forks of different pitch. This 
tends to make the apparatus complicated, unstable, cumber- 
some and difficult to standardize. It is extremely difficult to 
operate electric tuning forks with frequencies greater than 
1,000 vibrations per second. This limits the tones produced 
to those of rather low pitch. More than this, a pure tone 
cannot ordinarily be produced in a receiver in the secondary 
of this type of circuit. 


Two men in 1882 described new electrical instruments 
devised for the purpose of testing hearing, Ladriet de 
Lacharriére® and Boudet de Paris.** Descriptions of these 
instruments in the sources available for this study are mea- 
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ger. The audiometer of Ladriet de Lacharriére is illustrated 
in Fig. 3. The circuit is apparently similar to that of the 
sonometer developed by Hughes. The sliding induction coil 
is replaced by those of fixed type. A single electrical tuning 
fork is an integral part of the set and the batteries are 
enclosed. The compactness of the set leads one to think that 
an attempt was made to produce it commercially but no evi- 
dence was found that it was used by contemporary otologists. 


No illustration of the complete audiometer produced by 
Boudet de Paris could be found. Fig. 4 shows only the wiring 


Fig. 3. Audiometer of Ladriet de Lacharriere (1882). The compact 
appearance of the instrument leads one to think that commercial production 
may have been attempted, 


diagram, which appears to be a modified form of a Wheat- 
stone’s bridge. The symbols used by the electrical engineers 
of 1884 were different from those in use today, so in the 
absence of a detailed description it is not possible to state the 
exact nature of its circuit. No electric tuning fork is shown, 
so the nature of the sound stimulus in the telephone receiver 
cannot be determined. The set shows a galvanometer, which 
may indicate an attempt at more accurate current control. 
Baratoux® used this instrument and apparently modified it in 
certain respects, for Hartmann wrote concerning it, “Bara- 
toux describes the audiometer previously employed and men- 
tions Boudet’s as he has modified it. He retains the rheostat 
and telephone but omits the microphone. An electric tuning 
fork serves to interrupt the current.” 
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Urbantschitsch’s text®* of 1884 shows a picture of his 
“Elektrischer Hérpriifungs Apparat.” This apparatus became 
sufficiently well known that it was described as an “electric 
acoumeter” in the 1909 edition of Dench’s* text, although no 
records of its clinical use were given. From the illustration 


Fig. 4. Wiring diagram of the audiometer of Boudet de Paris (1882). A 
modern electrical engineer would have difficulty in determining the essen- 
tial parts. It appears that two telephone receivers were employed. How the 
alternating current was produced is not clear. 


in Fig. 5, it appears to have been constructed on the same 
principle as the sonometer of Hughes. The current from a 
battery, interrupted by an electric tuning fork or Neef’s ham- 
mer, passes through two identical primary coils mounted and 
conveniently spaced on a rigid bar. A third coil, connected to 
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the telephone receiver, slides on the rigid bar toward either 
primary. The induced alternating current in the secondary 
is nil when it is midway between the primary coils. As it 
approaches either primary, the induced current increases 
proportionately. 


During the next three decades other writers described 
instruments for hearing tests which used the induction coil 


Fig. 5. A Vienna contribution to audiometry. Urbantschitsch’s “Elec- 
trischer Horprufungs Apparat” of 1884. The tuning fork has been replaced 
by a buzzer circuit breaker in the primary circuit. Dench’s 1909 text called 


this an “electric acoumeter.’ 


to transform an interrupted direct current into an alternat- 
ing current. Among these should be mentioned Cozzolino" 
(1885), Cheval’® (1890), Jacobsen**? (1895), Seashore’ 
(1899), Trétop®* (1908), Gradenigo*! (1907) and Foy’ 
(1916). 


In Seashore’s audiometer, shown in Fig. 6, the secondary 
windings were arranged as a series of coils in which the 
number of turns varied in a logarithmic ratio. This gave 
variations in the loudness of the stimulus to correspond with 
the Weber-Fechner law. Seashore claims to have coined the 
word “audiometer” but we have seen that it was used earlier 
by Richardson and others. McMillan used this instrument in 
tests of children in the Chicago Public Schools. No other clini- 
cal reports are available. 


It became evident with increasing knowledge of auditory 
function that hearing tests using a simple impure tone gave 
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very little information of clinical value. Politzer*‘ criticized 
instruments of this type as follows: “The acoumeter of Hart- 
mann, Dalby, Cozzolino, Gradenigo and Urbantschitsch, made 
after the principle of the sonometer of Hughes, in which the 
striking of a Neef’s hammer is conveyed to the ear by a tele- 
phone and by means of changing the induction coil, gradually 
made weaker and stronger, I have not tested in practice .. . 


iw 


Fig. 6. The American influence. Seashore’s audiometer (1899). The tun- 
ing fork is not shown. A series of inductances is enclosed. Intensities are 
regulated according to the Eeber-Fechner law. 


it possesses, as all acoumeters do, the fault that we cannot 
judge, from the increase of the hearing distance for the tone 
of the acoumeter, as to the increase of the hearing distance 
for speech.” Bryant,’ too, stated, “The objections to the use 
of electricity in testing are the bulkiness of the apparatus, 
the amount of care required to keep it in running order and, 
lastly, the expense.” 


Bezold,® in 1898, realized the necessity for otologists to use 
a wide range of tones in hearing tests if they were to be of 
diagnostic value and presented his “continuous tone series” 
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of tuning forks. He pointed out* the fact that tones and 
noises were different manifestations of the same physical 
phenomenon and said, “We have, therefore, completely exam- 
ined the hearing, as soon as we know quantitatively the hear- 
ing for all tones, and we do not need to care for the noises.” 
He also stated, “entire series of tones were of no use to us 


Fig. 7. The pendulum generator of Stefanini (1914). Current is generated 
as the toothed pendulum falls above a permanent magnet. The pitch of the 
tone is governed by the speed of the pendulum as it falls. 


until we ceased to think of noises as different from impres- 
sions of sound. The separation of noises from tones long 
hindered the development of otology because it gave rise to 
the idea of a separate region for the perception of noises 
outside the cochlea, in another portion of the labyrinth.” 
Ostmann* also reported in the same critical manner, “We 
are hindered by imperfections of our apparatus so that we 
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have not yet obtained a sufficiently broad foundation for a 
perfect audiometer.” 


It remained for Stefanini®™' to construct, in 1914, an elec- 
tric generator which would produce an alternating current 
with a range of frequencies which could be conducted to a 
telephone receiver for use in hearing tests. This generator is 
shown in Fig. 7. The pendulum carries a row of iron teeth 
which, as the pendulum falls, pass through an electromagnetic 
field, causing magnetic changes. This induces an alternating 
current in the generator, the frequency depending upon the 
speed with which the teeth pass through the field. This is 
governed by the distance which the pendulum falls. The 
number of teeth on the pendulum was small and the duration 
of the stimulus tone was necessarily quite short. No results 
of the clinical application of the tests with the instrument 
were given. 


Alexanderson' and Duddell** devised somewhat similar gen- 
erators for radio communication in which the teeth were an 
integral part of a wheel which rotated in a magnetic field. 
Cahill® had a similar generator, or rather a series of gener- 
ators, by means of which he proposed to produce and trans- 
mit music by wire. None of these generators were used for 
hearing tests. 


Dean and Bunch” saw the possible application of this type 
of generator for hearing tests and in 1919 presented their 
“pitch range audiometer.” This instrument consisted essen- 
tially of a small alternating current generator driven by a 
variable speed motor, so that tones between 30 to 10,000 
cyles were produced. They claimed for this instrument that: 
“1. It produces each and every tone within the significant 
range of tonal hearing without any gap whatsoever. 2. It 
produces a relatively pure tone, pure enough for all practical 
purposes ; and we have at our command the mechanical prin- 
ciples which determine the form of the sound wave. 3. It 
furnishes us a convenient method of varying the intensity 
from below the threshold up to a sound that is on the verge 
of being painful for any pitch. 4. It enables us to record and 
measure instantly and with precision, and at the time of 
hearing, both the pitch and the intensity of the tone. 5. It 
enables us to sweep through the entire range of pitches at 
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one stroke for any steps controlling intensity and to sweep 
through at a single stroke all intensities for a given pitch. 
6. The operation of the instrument is so simple and quick 
that a complete measurement can be made in a very small 
fraction of the time employed in making the ordinary tests 
now in vogue with otologists.” The instrument was provided 
with a key by means of which the stimulus could be inter- 
rupted, and a signal light and key for indicating the response 
of the patient. 


The motor-generator and control panel of this audiometer 
are shown in Fig. 8. Charts secured by means of tests with 


MOTOR GENERATOR 


Fig. 8. The motor-generator and control panel of the pitch range audi- 
ometer of Dean and Bunch (1919). The pitch of the stimulus is governed by 
the speed of the motor (M) which turns two generators (H) and (L). The 
intensity was regulated by resistances at (O). The pitch is read on the dial 
at (1) which is connected to the tachometer (T). 


it were called “hearing fields.” Since it was the usual proce- 
dure to test for all tones, “complete” and “partial” gaps in 
the tonal range were found rather frequently. Prior to 1927 
these writers published several articles relating to the appli- 
cation of audiometric tests to clinical otology and attempted 
to interpret the results secured. All of these appeared in the 
English and American journals. The pitch range audiometer 
was not produced commercially. 


Concerning this audiometer, Kerrison™ wrote, “An ingen- 
ious mechanism which, if it could be made generally available, 
would add greatly to the accuracy and scientific value of our 
hearing tests is the so-called tone-range audiometer devised 
by Dr. Lee Wallace Dean and Mr. C. C. Bunch, of the Uni- 
versity of lowa. .. . The advantages of such an instrument 
over tuning forks in the detection of gaps in tone perception 
are obvious. As with every notable advance in diagnostic 
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method and accuracy, it is probable that this mechanism in 
the hands of its distinguished inventors will add to our scien- 
tific knowledge of disease by establishing shades of func- 
tional difference between certain closely related lesions — 


shades of difference not definitely determinable by the older 
methods.” 


Concerning its development and use, Macfarlan*’ states, 
“From this time dates the development of the scientific work 
in testing the hearing across the range of frequencies.” 


Fig. 9. The first commercially produced audiometer of the vacuum-tube 
He The 1A audiometer of the Western Electric Co. Fletcher and Wegel. 

The next step in the development of the modern audiometer 
followed the rather general application of the vacuum tube 
in radiotelephony. It is not within the scope of this paper to 
discuss the theory or history of vacuum tubes. It is sufficient 
to state that radio engineers have discovered that by their 
use oscillating electric currents of almost any desired fre- 
quency can be obtained. Taking advantage of this for otol- 
ogy, Minton and Wilson‘! described a vacuum tube set which 
was designed and used for the purpose of testing hearing. 
During the same year, Guttman** also presented a vacuum 
tube set which he used for hearing tests, which he called an 
“acumeter.” Neither of these sets was commercialized and 
studies of their application appeared only under the names 
of these investigators. 


The engineers of the American Telephone and Telegraph 
Co. and its subsidiaries, the Bell Telephone Laboratories and 
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the Western Electric Co., had, through their interest in tele- 
phonic communication, for some time been doing considerable 
research in the problems of the frequency characteristics of 
speech** and the sensitivity of the ear.**7 In 1922, Fowler and 
Wegel'* presented to the otological world the Western Elec- 
tric 1A Audiometer which had been developed by these engi- 
neers. This the first audiometer of the vacuum tube type to 
be produced commercially, is illustrated in Fig. 9. 


The charts and hearing curves were called “audiograms,” 
an audiogram being defined as “a curve plotted so as to show 
the variation of minimum audible sensitivity with frequency 
where the stimulus is a pure tone.” They describe the essen- 
tial parts of the audiometer as follows: “The oscillator cir- 
cuit is capable of furnishing a very pure tone without wave 
filters, since particular care was taken in the selection of the 
circuit, coils and condensers. This is very important because 
throughout the lower portion of the frequency range, in par- 
ticular, the harmonics of an impure tone are usually more 
audible than the fundamental tone itself, so that the reading 
of minimum audibility depends on the sensitivity of the ear 
to the overtones and not to the fundamental. 


“... The attenuator used is direct reading in logarithmic 
units and if the logarithmic relation between stimulus and 
sensation be assumed, it may be considered to read directly 
in units of sensation rather than stimulus. This attenuator 
is a low resistance iterated network developed from the point 


of view of avoiding interference between its input and out- 
put ends. 


“... The receiver is one in which the diaphragm is damped 
by air damping to such a degree that the effects on the dia- 
phragm, of placing it on the ear, is negligible.” 


The Western Electric Co. was for a number of years the 
only one producing audiometers on a commercial scale. The 
almost prohibitive price of the 1A audiometer — approxi- 
mately $1,500.00 — was a primary factor which prevented 
its more general use. A less expensive model, the 2A, which 
used as stimulus tones only the octaves of ¢ from 64 to 8,192 
cycles, followed the 1A and was used by a considerable num- 
ber of otologists. The 3A, in which the stimulus was a com- 
plex noise, not unlike that produced by Urbantschitsch’s model 
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mentioned above, was offered for rough hearing tests in com- 
mercial plants, but found little favor with otologists who 
wished pure tones as stimuli. 


In England. also in 1922, Hastings and Tucker** described 
a vacuum tube set used for hearing tests and listed the char- 
acteristics which they considered desirable in such an instru- 
ment. No illustration accompanied this article and it seems 
probable that it did not reach a production basis. 


The 4A audiometer of the Western Electric Co., a later 
model of which is shown in Fig. 10, was constructed along 


Fig. 10. The No. 4A audiometer and a No. 4A receiver holder, showing the 
eight compartments and the manner of nesting telephone headsets. 


different principles. Instead of using tones produced by a 
vacuum tube circuit, this instrument is constructed on the 
principle of the phonograph in which the stimulus sounds 
are spoken numbers. Bryant* and others had attempted to 
use the phonograph for hearing tests prior to this time, but 
the variation in the surface noises and inability to standard- 
ize the stimulus sounds in the phonographs employing the 
old mechanical reproducers prevented its universal use. The 
development of the new electromagnetic pickup made it pos- 
sible to minimize the defects of the older type and to use the 
phonograph in hearing tests. The numbers were spoken so 
that they are cut in the phonograph disc and reproduced 
through the telephone receivers at fixed intensities. As the 
test proceeds, the intensity of the voice decreases in gradu- 
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ated steps until the threshold of audibility is reached. The 
instrument can be used for either group or individual tests, 
40 receivers being provided with each phonograph when 
desired, so that an equal number of listeners may be tested 
at the same time. A convenient chart is provided, on which 
the listener writes the numbers as he hears them. This 
limits its use to those who understand the spoken English 
language. It cannot be used in group tests of children who 
cannot write or who are too immature to record the numbers 
at the speed with which the words are reproduced. In indi- 
vidual tests the listener may speak the words as he hears 
them if he is unable to write. 


Knudson,* who for a number of years had been interested 
in problems of hearing, co-operated with Jones* and in 1924 
presented a vacuum tube set designed for hearing tests, 
which they called an “audioamplifier.” This instrument was 
later modified and produced commercially by the Sonotone 


Corp. under the name of the Sonotone Jones-Knudson Model 1 
Audiometer. 


Kranz,** who also for a number of years had been inter- 
ested in problems of hearing, presented an audiometer* in 
1924. In one of his earlier studies he used a thermophone in 
place of the telephone in the vacuum tube circuit. This writer, 
in co-operation with A. G. Pohlman, presented several arti: 
cles on the clinical application of hearing tests. 


Within the past few years several other audiometers have 
been offered commercially, some of which have been described 
in the otological literature. One difficulty in securing the 
general approval of otologists has been due to the fact that 
each manufacturer calibrated his product according to his 
own standards. The standards of different manufacturers 
did not always agree. This made it impossible to secure iden- 
tical records on the same patient in tests with different audio- 
meters and has led to considerable confusion. Hayden*’ in 
1938, after testing several patients with four different makes 
of audiometers, reported that the records showed consider- 
able variation due to the fact that the intensity calibration 
of the audiometers did not correspond. Regardless of this 
objectionable feature, he stated, “Excellent features were 
found to be common to all. .. With any of the instruments, 
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hearing can be measured more accurately and rapidly than 
with any previous methods or instruments. The audiogram 
is the best means of recording hearing loss for diagnosis of 


otologic disease, fitting of hearing aids and for medicolegal 
purposes.” 


Otologists, however, have demanded that audiometers be 
standardized, both as to frequency and intensity. In order to 
comply with this demand the Council on Physical Therapy 
of the American Medical Association requested a number of 
otologists to serve on a committee to set up certain standards 
which must be met in order to secure the acceptance of the 
Council for that product. Among the requirements set up by 
the Council** on the recommendation of this committee were 
those dealing with the number of tones produced, their pur- 
ity, intensity values, maximum output for the various tones, 
maximum intensity, etc., as well as the limits of variation 
from those set values which may not be exceeded. These 
were minimum requirements. Some of the audiometers now 
accepted present additional features which were not required. 
For example, they may offer higher and lower tones than 
specified or have a greater acoustic output. One accepted 
audiometer provides a sweep of all frequencies in addition 
to being calibrated for the specified octave tones. The tend- 
ency of the manufacturers has been to produce an instrument 
which will meet the needs of the most exacting otologist. 


At the present time, three audiometers have been accepted 
by the Council, the Sonotone Jones-Knudson Model 1, the 
Maico Model D5 and the Western Electric 6B. Others have 
been submitted and are undergoing consideration. 


A brief search through the literature is sufficient to con- 
vince one that the greater part of the present day studies in 
audiometry originated in America. However, several reports 
have recently come from England. One outstanding study by 
Barany? has recently come from Sweden. He states, “In 
Europe, electrical audiometers and bone conduction receivers 
have not yet come into general use even as research tools, and 
only a few nonclinical papers using them for bone conduction 
work have been published.” Another study, also from Sweden, 
by Holmgren*® appeared recently. He presented an audio- 
meter which produced all tones from 62 to 15,000 cycles, 
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reading in 1 deb. steps from the threshold to 125 deb. With 
existing conditions in Europe, it cannot be expected that 
scientific studies of this type will be forthcoming from these 
countries for some time. A careful perusal of the American 
journals will probably keep the student informed of the prog- 
ress in this field. 
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PONTOFACIAL ANGLE TUMORS WITH PARTICULAR 
REFERENCE TO THE INVOLVEMENT OF THE 
ACOUSTIC NERVE.* 


Dr. JoSEPH H. GLOBUS, New York. 


A discussion of tumors of the acoustic nerve makes it 
desirable to review the better known anatomical and clinical 
features of tumors of this type and in this location, and to 
follow it by a survey of the clinical and pathological material 
such as would emphasize the more typical manifestations of 
the acoustic neuroma and, finally, to contrast them with those 
which characterize other tumors in the pontofacial angle. In 
this manner it may be possible to bring to the fore some 
instructive data in differential diagnosis of expanding lesion 
in and about this area. In my remarks I shall often make 
use of the term pontofacial angle tumor in preference to that 
of acoustic neuroma, and because of this it will be advan- 
tageous to recall some of the more significant features of this 
anatomical landmark. 


The pontofacial angle (see Fig. 1) is that region at the base 
of the brain which is bounded anteriorly by the posterior 
border of the pons, and medially and posteriorly by the lat- 
eral aspect of the medulla oblongata, and laterally by the pos- 
terior border of the ipsilateral cerebellar hemisphere. Thus, 
because it is formed by the apposition of these three struc- 
tures, it is often and quite correctly referred to as the ponto- 
medullocerebellar angle. With the facial nerve taking its 
superficial origin in that region, it has been often referred 
to as the pontofacial angle. Within this angle, in addition to 
the facial nerve, is the entrance of the cochlear and vestibular 
divisions of the acoustic nerve, and what is also quite signifi- 
cant, just a short distance rostrad to these nerves at the side 
of the pons, there is the exit of the motor and the entrance 
of the sensory fibres of the trigeminal nerve; somewhat cau- 
dad and on the side of the medulla are the rootlets of the 
glossopharyngeal and vagus nerves. Here, thus, is a rather 


*Read before the New York Academy of Medicine, Section on Otolaryn- 
gology, April 17, 1940. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, July 1, 1940. 
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crowded territory and it is hardly necessary to stress the 
significance of the structures about it, such as the cerebellum, 
the great equilibrator and synergizer of muscular activity; 
the pons, the seat of both sensory and motor nuclei of the 
trigeminal nerve; the pontofacial angle, the site of super- 
ficial origin of the VIIth and VIIIth nerves; and, finally, the 
lateral region of the medulla with the fibres of the glosso- 


Fig. 1. Base of brain, illustrating structures in and about the pontofacial 
angle (drawing). (A) Pons. (B) Facial nerve. (C) Glossopharyngeal and 
vagus nerves. (D) Cerebellum. (FE) Trigeminal nerve. (F) Abducens nerve. 
(G) Acoustic nerve. (H) Hypoglossal nerve. (1) Spinal accessory nerve. 
(J) Medulla oblongata. 


pharyngeal and vagus. No less significant is the fact that 
within the substance of the pons and the medulla, within the 
depth of these two subdivisions of the brain stem, are impor- 
tant pathways conveying impulses up and down this rather 
busy roadway (see Fig. 2). Here are the ascending spino- 
cerebellar tracts, ventral and dorsal, carrying muscle, joint 
and tendon sense from the spinal cord to the cerebellum; the 
descending pyramidal tract fibres, which carry motor impulses 
from the cerebral cortex to the ventral horn cells in the 
spinal cord; and the exceedingly significant posterior longi- 
tudinal bundle, providing a medium for the oculovestibulo- 
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spinal mechanism. Moreover, within the pons there are the 
extensions of the cochlear pathways, such as the trapezoid 
body with the lateral lemniscus, as well as the nuclear masses 
of the vestibular branch of the VIIIth nerve. It is quite obvi- 
ous that the functions of all these structures situated within 
or adjacent to this angle are likely to be affected by a neigh- 
boring compressing agent and give rise to signs and symp- 
toms of localizing value. 


Fig. 2. The internal structures of the brain stem, with particular empha- 
sis on those in the proximity of the pontofacial angle (drawing). (A) For- 
nix. (B) Thalamus. (C) Pineal body. (D) Corpus callosum. (E) Corona 
radiata. (F) Pulvinar. (G) Medial geniculate body. (H) Posterior quadri- 
geminal brachium. (1) Anterior quadrigemina] body. (J) Posterior quadri- 
geminal body. (K) Brachium conjunctivum. (L) Brachium pontis. (M) Res- 
tiform body. (N) Area acustica. (O) Hypoglossus trigone. (P) Vagus tri- 
gone. (Q) Cuneate tubercle. (R) Clava. (S) Funiculus gracilis. (T) Funicu- 
lus cuneatus. (Al) Mesencephalic root of trigeminal nerve. (B1) Brachium 
conjunctivum. (C1) Medial longitudinal bundle. (D1) Genu of facial nerve. 
(21) Nucleus of abducens nerve. (F1) Vestibular nuclei. (G1) Nucleus of 
the hypoglossal nerve. (Hi) Nucleus alae cinerae. (11) Restiform body. 


With these anatomical data before us, let us now turn our 
attention to the nature of the expanding lesions which are 
likely to occur in that region. This will enable one to under- 
stand more clearly the variations in the effects of such lesions 
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upon the structures mentioned. It is quite reasonable to 
assume that lesions which are entirely extramedullary, that 
is to say, such as are almost entirely separated from the brain 
stem and affect the brain stem only secondarily, will act in 
a way somewhat different from expanding lesions which 
either arise from the brain stem in that region or invade that 
region secondarily from an extramedullary source of origin. 
Of course, not all angle tumors are extramedullary in the 
way the true “acousticus” tumors are. The latter are well 
encapsulated and thus technically can be enucleated without 
leaving permanent marks of disruption on the adjacent brain 


Fig. 3. (a) Base of the brain, showing typical acoustic neurinoma. 
(b) The stream-like arrangement of Schwann membrane cells. (c) Schwann 
membrane cells under higher magnification. 


tissue. Such tumors, however, constitute only a quota of all 
tumor varieties occurring in the same location, for, in addi- 
tion to the neuromas, there are neoplasms such as menin- 
giomas, gliomas, sarcomas, metastatic carcinomas, and other 
expanding lesions such as aneurysms and granulomas. 

The anatomical character and behavior of the true acous- 
tic neuromas are to be considered first. These tumors are 
nodular (see Fig. 3, a), seemingly encapsulated, distinctly 
separated from the adjacent brain stem, except for a small 
area in the region of the entrance of the acoustic nerve. 
Histologically, they present a fairly uniform structure, not 
unlike that seen in neurofibroma of peripheral nerves (see 
Fig. 3, b, c), and include the palisading of nuclei, the pres- 
ence of glial cells and streaming fibrous bands and occasion- 
ally of structures indicating the presence of embryonal (epen- 
dymal, vascular) rests. 
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; In marked contrast to this type of tumor is the meningioma 
with its predominantly vascular components in one or another 
stage of differentiation, while the glioma is characterized by 
its infiltrating character. The histologic structure of sarco- 


mas and other expanding lesions are too well known to 
require description. 


Proceeding from this rather hasty survey of the histologi- 
cal features of tumors in the pontofacial angle to a discussion 
of their clinical features (see Chart 1), we come upon one 
of their early symptoms, but one which probably is not often 
correctly evaluated, that is, impairment of hearing. Atten- 
tion may first be drawn to this defect by the appearance of 
tinnitus. It is this annoyance which often appears as the 
only symptom, inviting investigation and leading to the dis- 
covery of some impairment of hearing. Under such circum- 
stances careful examination may bring to the fore the 
important observation that the patient is suffering from a 
“perception” disturbance; that is, from a nerve deafness. 
This, when recognized, should immediately arouse the suspi- 
cion of the possible existence of a tumor affecting the acoustic 
nerve. After a certain lapse of time and not infrequently 
after a few months or a longer period, the patient may 
become subject to recurrent attacks of headache. This symp- 
tom. while not always a dominant symptom in acoustic neu- 
rinoma, since this form of tumor grows rather slowly over 
long periods of time and does not, at first, cause any great 
disturbance in the circulation of the cerebrospinal fluid or pro- 
voke much increase in intracranial tension, the most prob- 
able cause of headache. But it, nevertheless, may pre-exist 
other symptoms and may continue throughout the clinical 
course, and hence must be regarded as highly significant. 


In the course of time a new series of symptoms appear: 
an extremity may manifest a certain amount of awkward- 
ness of a hand or arm on the side of the impaired hearing, 
or an awkwardness of the leg on that same side. This may 
be accompanied by apparent weakness or a feeling of weak- 
ness in the extremity affected which progresses to such an 
extent that the patient soon finds it difficult to use such 
extremity or extremities. Of course, the cause of these dis- 
turbances is quite obvious — it is due to an impairment in 
the function of either the cerebellar pathways coursing 
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through the medulla, a cerebellar peduncle or the cerebellum 
itself, caused by pressure of the neighboring expanding 
lesion. Of course, the vestibular nuclei situated in the angle 
between the cerebellum and the medulla may in part be 
responsible for such a disability. 


There is already sufficient cause for the suspicion of the 
existence of an intracranial neoplasm and, no matter what 
its location, one is prompted to look for changes in optic 
discs. But here again, because of the slow growth of these 
tumors and because of the gradual adaptation of the brain 
to such a growth papilloedema, the most reliable sign of 
increased intracranial tension, is often not noted until the 
very end, and even then it may sometimes be lacking, in 
spite of the marked dislocation of the brain stem caused by 
the tumor. However, an early appearance of papilloedema 
is not unlikely and its conversion into a postneuritic atrophy 
at the height of the clinical picture is not an infrequent 
occurrence. 


Other signs of increased intracranial tension, both of gen- 
eral and local origin, such as nausca and vomiting and brady- 
cardia and such as aphonia and dysphagia, may also be lack- 
ing, unless the clinical picture reached its height and when 
they are provoked by direct pressure on some of the medul- 
lary centres and the vagus nerve. However, while the absence 
or mildness of these symptoms may be misleading, a thor- 
ough neurological examination will reveal sufficient evidence 
to identify the existence of a lesion affecting the acoustic 
nerve. Then a constellation of signs is discovered which indi- 
cates the involvement of the peripheral segment of the facial 
nerve; the vestibular and cochlear divisions of acoustic 
nerve; the disturbance in the cerebellar pathways and the 
posterior longitudinal bundle, causing nystagmus, unsteady 
gait and adiadokocinesis. When these findings are further 
supported by the results of the cochlear and vestibular tests, 
then there is, of course, little need for hesitation in arriving 
at the conclusion that an expanding lesion exists in the ponto- 
facial angle and that it is probably in the nature of an acoustic 
neuroma. To recapitulate, the constellation of signs charac- 
terizing a tumor in the angle are: 1. impairment of hearing 
or loss of hearing on the ipsilateral side, the deafness being of 
the perception or nerve type; 2. peripheral facial paresis or 
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paralysis on the side of the suspected lesion; 3. nystagmus 
indicating involvement of the cerebellar pathways or the pos- 
terior longitudinal bundle; 4. equilibratory disturbances mani- 
fested in unsteady and broad-based gait, tendency to sway or 
fall to the affected side; clumsy use of the homolateral upper 
extremity and a moderate atonia or hypotonia on the side 
affected, due to the involvement of the cerebellar pathways; 
5. moderate pyramidal tract signs and sensory changes on 
the side contralateral to the site of the tumor whenever com- 
pression of the brain stem becomes pronounced; 6. sensory 
disturbance in the distribution of the trigeminal nerve on 
the homolateral side, with subjective pain associated with 
hypalgesia, hypesthesia and corneal anesthesia on the affected 
side. Frequently there is also noted a VIth nerve paresis, 
but the abducens, because of its very long course, is a very 
vulnerable structure and is affected by any lesion of the pos- 
terior fossa. Since it is even found implicated in supraten- 
torial lesions, it is often of doubtful focalizing significance. 
With the involvement of the VIth nerve, diplopia is quite 
likely to occur. Unequal pupils are frequently noted and 
should not lead one astray from the correct diagnosis. 


This picture holds true for the fairly typical instance of 
pontofacial angle tumor in which the tumor is derived from 
the sheath of the acoustic nerve and does not invade the 
adjacent brain stem but brings about a great deal of distor- 
tion of its external configurations and some displacement of 
internal structures. It is highly significant to note that in 
spite of this marked distortion of external form and internal 
structure of the brain stem, there is commonly very little 
disintegration within the interior of the brain stem. As a 
matter of fact, in four cases of acoustic neuroma studied by 
me, in which the stem has been cut serially and studied by 
appropriate methods, no disintegration of internal structures, 
such as demyelinization of tracts or nuclear destruction, 
could not be detected. This would indicate that the pressure 
exerted by an external compressing agent such as an acoustic 
tumor, causing a disturbance in the function of the internal 
structures (nuclei and tracts), does it without causing per- 
manent damage to the tissue. Hence, with the removal of 
the expanding lesion these structures may assume a normal 
position and function is thus restored. This is readily sup- 
ported by clinical evidence that when patients with acoustic 
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tumors are relieved of the tumor, many of the functions, with 
the exception of hearing, are restored. 


These circumstances differ for extramedullary tumors with 
invasive tendencies or for tumors which arise within the brain 
stem, as will be apparent from a discussion of the features 
which characterize tumors occurring in this regior., but such 
which invade or take origin in the brain stem adjacent to the 
angle. They are the pontofacial angle tumors other than 
acoustic neuromas. Among them are the meningiomas, tumors 
which approach closest the symptomatology of true acoustic 
tumors, as exemplified by the following case. Here, it should 
be noted that the anatomical differences are more of an 
academic interest since this extramedullary tumor in its 


behavior and its response to surgery is very similar to acous- 
tic neuroma: 


Case 1: Tinnitus in the left ear of two years’ duration; 
pain in the left cheek of one year duration followed by the 
development of unsteady gait, papilloedema, nystagmus, left 
peripheral facial paralysis, impaired hearing on the left side 
and other signs of brain stem involvement. Tumor of left 
middle fossa diagnosis. Necropsy: Pachymeningioma of left 
pontofacial angle. 


History: (Adm. 315202. P.M. 7249). The patient, a 
woman, age 52 years, was for a period of two years subject 
to a buzzing sound in her left ear. One year later she began 
to experience pain in her left cheek. The pain gradually 
spread to the jaw, eye and forehead on the same side. Soon 
thereafter, her gait became unsteady and she could not walk 
without support. She did not complain of headache or visual 
disturbances and did not vomit. 


Examination: There was but slight blurring of the mar- 
gins of the discs. Spontaneous nystagmus was present on the 
left lateral gaze. The left upper eyelid was drooping slightly. 
There was analgesia, anesthesia and thermoanesthesia in the 
distribution of all the three branches of the left trigeminal 
nerve. The lower jaw was deviated to the left. Paresis of the 
left external rectus and a left peripheral facial paralysis was 
also present. Hearing was impaired on the left side. Power 
in all extremities was objectively intact. There was general- 
ized hyper-reflexia, with the deep reflexes being more active 
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on the right side. A Babinski sign was elicited on the right 
side. All of the abdominal reflexes were absent. The gait was 
guarded, with a tendency to fall to the right. A coarse, irreg- 
ular asymmetrical tremor was present in all extremities. 


Course: A diagnosis of a tumor in the left middle fossa 
was made, but while under observation the patient developed 
pneumonia and died soon thereafter. 


Necropsy Findings: A tumor about the size of a plum, 
white, firm, sharply circumscribed from the brain substance, 
though somewhat adherent, was found in the left pontofacial 


Fig. 4. (a) Base of brain, showing a meningioma in the pontofacial angle 
(Case 1). (b) Collagenous fibres indicating the pachymeningiomatous nature 
of the tumor (Case 1). (c) Hyalinized blood vessels in the depth of the 
tumor. 


angle (see Fig. 4, a). It compressed the left side of the pons 
and the adjoining medulla. On its lateral aspect, the tumor 
was intimately connected with the overlying dura. 


Microscopic: Examination of the tumor disclosed it to be 
in the nature of a pachymeningioma (see Fig. 4, b, c). 


Comment: In this case a meningioma, of the benign vari- 
ety, situated in the pontofacial angle simulated clinically an 
acoustic aneuroma. The involvement of the trigeminal nerve, 
with both the motor and sensory portions being affected, 
though somewhat atypical, is, nevertheless, not uncommonly 
found in true acoustic neuromas. Here, of course, it is obvi- 
ous that the histological character of the tumor does not mili- 
tate against surgical intervention. 
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It should not be lost sight of that meningiomas are of sev- J 
eral varieties, the least troublesome being the so-called pachy- 
meningioma, as in Case 1, or leptomeningiomas, while oth- 
ers, such as the pial or hemangiomatous meningioma, may 
approach the invasive type of tumor, as exemplified by 
Case 2. In this case the mode of onset of symptoms and the 
more stormy and relatively shorter clinical course are condi- 


tions obviously due to the greater vascularity of this type of 
tumor. 


Case 2: Sudden onset of suboccipital pain, vomiting, verti- 
go, bilateral papilloedema, spontaneous nystagmus, left facial 
paresis, left cerebellar signs and other manifestations of 
brain stem involvement. Unsuccessful exploration. Necropsy: 
Hemangioendothelioma of left pontofacial angle. 


History: (Adm. 312564. P.M. 7205). The patient, a young 
man, age 22 years, passed through a brief but rather stormy 
illness of six weeks’ duration, at the age of 19 years. He then 
complained of pain in the back of the neck, double vision, 
photophobia and weakness in the lower extremities. His ill- 
ness was diagnosed as lethargic encephalitis. He made an 
apparently complete recovery and for two and one-half years 
remained apparently well, when one morning he awoke 
with severe pain in the suboccipital region, which was inten- 
sified by movement of the head; he vomited several times 
and on walking he would become dizzy and would stagger to 
the right. The attacks of vomiting and vertigo occurred 
repeatedly during the first three weeks and became more 
frequent during the following three weeks. He entered the 
hospital on March 24, 1930. 


Examination: There was slight bilateral early optic neu- 
ritis, more marked on the left side; slight inequality of 
pupils, with the right being larger than the left; normal 
pupillary reactions; some weakness of the left external rec- 
tus; spontaneous nystagmus to the left; diplopia with eyes | 
in left lateral fixation; and slight facial weakness on the left | 
side. The left palate and posterior wall of the pharynx were 
analgesic. Power in all extremities was intact. There was 
some resistance to forward flexion of the head. The right 
triceps reflex was somewhat more active than the left. The 
left knee jerk was more active than the right. Moderate 
ataxia was noted in the left upper and lower extremities, and 
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adiadokocinesis was elicited on the left side. His gait was 
poorly co-ordinated and he would fall on rapid turning to 
the left. 


Course: A diagnosis of a posterior fossa lesion involving 
the left cerebellar hemisphere and adjacent structures was 
made. The lesion was thought to be expanding in character 
and most likely a hemangioma. A degenerative lesion in the 
nature of multiple sclerosis was also postulated if the disc 
findings after further observation, should show no further 
progression. In the course of time, the tongue and jaw were 
found to deviate to the right, and bilateral corneal hyper- 
esthesia developed. Somewhat later, paralysis of the left 
recurrent laryngeal appeared; the tongue now deviated to the 
left. It was then thought that the lesion was intramedullary. 


A craniotomy was attempted, but the patient did not stand 
the operation well. Gradual decline with the development of 
new signs; atrophy of the left side of the tongue, more 
marked diplopia, advancing papilloedema with retinal hem- 
orrhages. 


A second craniotomy was tried but could not be completed 
because of the poor condition of the patient, and a third 


attempt failed similarly. The patient declined rapidly and 
died. 


Necropsy Findings: On exposing the base of the brain, a 
tumor mass was encountered in the region of the left cere- 
bellopontine angle. The tumor appeared to be both extra- 
medullary and intramedullary in location and occupied the 
mesial portion of the inferior surface of the left cerebellar 
lobe, causing a very marked distortion of the brain stem, 
displacing it to the right. The tumor mass extended down 
into the foramen magnum and the upper part of the cervical 
canal, thus causing a marked compression of the spinal cord 
in that region. It had a very shiny surface, was firm and 
could be partly dissected away from the brain substance, 
being at some points intimately connected with it. The cra- 
nial nerves from the I[Xth to XIIth, inclusive, on the left side 
could not be identified as they appeared to be embedded in 
the tumor substance. 


On sectioning the brain, the tumor was found to be about 
4 cm. in diameter. It projected from the left cerebellar hem- 
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isphere on to the brain stem, compressing it and displacing 
it to the right (see Fig. 5). There was no direct invasion of 
the brain stem itself. The tumor mass was solid in parts and 
in areas cystic, filled with gray gelatinous materiai. 


Comment: In this case, the clinical features would justify 
exploration, with the view that a benign pontofacial angle 
tumor might be encountered. It is true that this menin- 
gioma, being a little different in type than the previous case, 
offers a more difficult surgical problem. However, with the 
recognition of such a difficulty, craniotomy may be under- 
taken with some promise of a satisfactory result. 


> 


Vea 


ae! 
Fig. 5. (a) Cross-section of the brain stem, showing the invaginated 
tumor in the pontofacial angle (Case 2). (b) The histological character of 


the tumor (Case 2). 


Similarly, in another type of pontofacial angle tumor, this 
time not neoplastic in character, though also expanding in 
character, but such as an aneurysm of the vertebral artery, 
the clinical picture deviates more strikingly from that of the 
classic syndrome of acoustic neuroma. The clinical behavior 
of this lesion, being fully determined by its anatomical char- 
acter, is probably explained by the fact that the changes in 
the involved arterial trunk provoke alteration in the field in 
the brain stem fed by its branches. 


Case 3: Sudden onset of severe pain in the left side of the 
neck, recurrent headache, dysphagia, dysphonia, vertigo, 
bilateral papilloedema, horizontal nystagmus, deviation of the 
jaw to the right, hypertension. Suboccipital exploration. 
Necropsy: Aneurysm of the left vertebral artery. 
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History: (Adm. 421780. P.M. 10754). The patient, a 
woman, was admitted to the hospital for the first time in 
1926, at the age of 36 years, for a postpartem sepsis and bron- 
chopneumonia. She made a good recovery and passed through 
a normal pregnancy two years later. (The child, however, 
died at the age of 10 days, presumably of pneumonia.) One 
year later, she had a miscarriage and since then no pregnan- 
cies. At the age of 42 years (in 1932) she developed severe 
drawing pains in the left neck, which did not radiate and 
were not related to movement of the head. With that, she 
became very “nervous.” At about the same time she had a 
slight dizzy spell, during which, for a few seconds, every- 
thing went black before her eyes. She was found to have 
hypertension, but, nevertheless, her symptoms were thought 
to be sinusitis, and treatment for this condition resulted in 
slight relief from the pain in the neck. She soon, however, 
developed recurrent headache, with its maximum point of 
intensity over the right supraorbital region. These headaches 
lasted for hours at a time and were relieved only by medica- 
tion. Shortly before her admission to the hospital she devel- 
oped difficulty in swallowing, a change in the timbre of her 
voice and intelligibility of her speech. Generalized weakness 
set in and dizziness and sleepiness occurred in attacks. She 
would regurgitate food and had a feeling of fullness in her 
chest. “Drawing pains” in both calves made it difficult for 
her to walk or support herself (the patient had had varicose 
veins for many years and was treated with injections and 
wore elastic stockings without relief). Frequency of urina- 
tion and nocturia had also been present. She was admitted 
to the hospital on March 23, 1938. 


Examination: Sense of smell was diminished bilaterally. 
There was moderate bilateral exophthalmos. Bilateral papil- 
loedema and postneuritic optic atrophy were present. There 
was horizontal nystagmus in both lateral planes. The left 
palpebral fissure was wider than the right. The corneal 
reflexes were bilaterally inactive; the jaw was deviated to 
the left; her voice was hoarse; the palate lagged on innerva- 
tion and the uvula deviated to the left. There was some 
weakness of the left arm and leg, with a bilateral tendency 
to pronation and convergence of the outstretched arms. The 
tendon reflexes were generally hyperactive, but equal. The 
superficial reflexes were depressed. Vibratory sense was 
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diminishd in the lower extremities. The gait was broad- 
based and both legs dragged, the left more than the right. 
The blood pressure was 165 systolic and 120 diastolic. 


Laboratory Data: The cerebrospinal fluid was clear, color- 
less, containing three cells and under an initial pressure of 
108 mm. of water. The Ayala index was 5.5. The Pandy test 
was 4+. The total protein was 64 mm. per cent. X-ray 
examination of the skull revealed no evidence of increased 
intracranial pressure, and a calcified pineal body was in nor- 
mal position. X-ray examination of the sinuses showed no 
evidence of disease. A ventriculogram revealed marked 
bilateral dilatation of the lateral ventricles, the right being 
slightly larger than the left. There was no deviation from 
the midline and the third ventricle appeared dilated; the iter 
was visualized. Caloric tests were carried out and were 
reported as follows: “The findings are suggestive of a pos- 
terior fossa lesion. The inward pastpointing of the left hand 
and the failure to pastpoint to the left on stimulating the left 
vertical canals suggest a lesion with its greater part in the 
left posterior fossa.”” A laryngoscopic examination showed a 
definite palatal paralysis. 


Course: An impatentorial midline lesion was diagnosed, 
and a suboccipital exploration was attempted. It had to be 
discontinued, for the patient’s condition became alarming. 
She remained in stupor for several days and after a brief 
and slight recovery declined again and died four days after 
the attempted craniotomy. 


Necropsy Findings: In the course of the removal of the 
brain and during the attempt to separate the medulla from 
its attachments to the base of the skull, a large bluish mass 
was revealed on the left side. It appeared to compress the 
inferior surface of the cerebellum and the left half of the 
medulla and pons, and extended into the foramen magnum. 
Upon removal this mass, measuring about 14”x1”x?”, was 
easily shelled out from the dell it had formed and found to 
be a large aneurysm of the left vertebral artery (see Fig. 6). 
It pressed into the pons, pushing it upward and to the right, 
and displaced the medulla and upper part of the cervical cord 
towards the right, with a resultant marked deformity. The 
accessory nerve was stretched over the mass. 
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On sectioning, the ventricular system was found markedly 
dilated as far as the posterior end of the aqueduct of Sylvius. 
At that point, the aqueduct was displaced to the right and 
reduced to an oblique narrow slit. The bed of the aneurysm 
consisted of the left cerebellar hemisphere, with the pons 
above it and the medulla oblongata to the right. All of these 
three structures were compressed and somewhat displaced, but 
the medulla was the one which had suffered most. From the 
border of the pons down to the mergence of the medulla with 
the spinal cord, it was flattened and displaced to the right. 


Fig. 6. Base of the brain, showing aneurysm of the vertebral artery, 
located in the pontofacial angle (Case 3). 


Comment: The attempt of suboccipital exploration was, I 
believe, justified here, even though it may have contributed 
to the earlier fatal issue. Were the patient’s condition such 
as to allow exposure and recognition of the lesion, the 


removal of the aneurysm is not out of reach of the competent 
neurosurgeon. 


Another, but less common, lesion in the angle is the metas- 
tatic carcinoma. This is an example of an expanding lesion 
whose behavior, in spite of its location, is decidedly different 
from that of an acoustic neuroma. Here, the precipitant 
onset, the freedom from cochlear and vestibular symptoms, 
the intense headache and distressing pain in the neck are 
important diagnostic leads. 
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Case 4: Cerebral manifestations of four weeks’ duration; 
acute onset, intense headache, vertiginous attacks, Bruns’ 
sign, other signs of increased intracranial tension without 
papilloedema, dissemination of objective neurolgic signs, sud- 
den death without overative intervention. Necropsy: Met- 
astatic carcinoma in the left pontofacial angle. 


History: (Adm. 258521. P.M. 5154.) J. Y., a man, age 
39 years, married, was admitted to the hospital complaining 
of rapid loss of weight for the preceding four weeks, of 
intense headache and general weakness for three weeks, with 
attacks of vomiting for one week. He was losing weight rap- 
idly and his strength was declining. He complained of con- 
stant headache, with sharp shooting pain in the occiput. The 
headache and pain were frequently precipitated by sudden 
movements of the head. As the headaches had become more 
intense they were followed by frequent attacks of vomiting, 
associated with vertiginous episodes. During such episodes 
he was disturbed by perceiving objects running before him 
from right to left; in response to them he would incline his 
body to the left. More recently the pain in the head became 
more intense and was associated with fainting spells lasting 
for several minutes. 


Examination: The patient was acutely ill and apparently 
in pain. He showed unequal pupils, the left larger than the 
right; increased knee jerk and a suggestive Babinski sign 
on the left. No abnormal masses were palpable and no points 
of tenderness were noted. 


Course: On the day after admission, slight nystamus on 
left lateral gaze and bilateral ptosis were noted; also a ten- 
dency toward a bilateral Kernig sign without rigidity of the 
neck. A lumbar puncture yielded clear fluid under normal 
pressure with 15 cells per cubic millimetre. The temperature 
ranged from 98° to 99° F. No abnormal changes in the fundi 
were observed at any time. In the absence of papilloedema, 
meningoencephalitis was regarded as the most probable diag- 
nosis ; however, it was thought that a cerebral neoplasm could 
not be ruled out entirely. The patient died suddenly without 
warning, eight days after admission. 


Necropsy Findings: Gross Anatomy: The dura was nor- 
mal. The pia-arachnoid was normal except for a small area 
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on the dorsal surface of the left cerebellar lobe, where it was 
unusually smooth and glistening but thick and adherent to 
the underlying cortex. The brain was of average size and 
of normal consistency, except for the area on the dorsal sur- 
face of the left cerebellar lobe, underlying the thickened pia- 
arachnoid, where it was soft and fluctuating. On the under 
surface of the cerebellar hemisphere at the left pontofacial 
angle there was a small nodule, 1 cm. in diameter, which was 


a . 

Fig. 7. (a) Section of brain stem, showing a metastatic nodule in the 
pontofacial angle (Case 4). (b) The carcinomatous structure of the tumor. 


hard and easily shelled out (see Fig. 7, a). On section it had 
a granular appearance. A transverse midcerebellar section 
showed a similar, but somewhat larger mass, 2 cm. in diame- 
ter. It was also granular but much softer in make-up, par- 
ticularly in its centre. 


Microscopic Anatomy: Section through the tumor mass in 
the cerebellum showed that the predominating type of cell 
was of the large squamous type, with considerable cytoplasm 
and large central nucleus. The cells were arranged in sheets 
surrounding large blood vessels. Numerous mitotic figures 
were seen, indicating rapid growth. Large areas of necrosis 
alternated with zones of rapidly proliferating cells. At the 
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periphery of the tumor, the blood vessels showed dense peri- 
vascular infiltrations with small round cells, a condition often 
seen in neoplastic lesions of the brain, indicating a tissue 
reaction to the foreign (tumor) invader (see Fig. 7, b). 
The final diagnosis was that of a metastatic squamous-cell 
carcinoma. 


Comment: In this case, the diagnosis of meningoencepha- 
litis was in the foreground. The acute onset, the absence of 
decided localizing signs and the slight rise in temperature 
and the presence of 15 cells in the cerebrospinal fluid justified 
the assumption of an inflammatory lesion in preference to 
one of a neoplastic character; however, the headache asso- 
ciated with frequent attacks of nausea and vomiting, the 
scarcity of localizing signs and the rapidity with which the 
clinical picture unfolded itself could suggest the neoplastic 
character of the lesion and its metastatic nature. 


It is striking that the cerebellum was singled out as the 
only seat for the metastatic tumor. This localization, how- 
ever, fully explains the clinical picture, for it caused bilateral, 
symmetrical internal hydrocephalus. The latter, as is well 
known, may cause symptoms which can simulate a diffuse 
inflammatory lesion of the brain, as well as give rise to signs 
of meningeal irritation. The location of the tumor also will 
explain the Bruns’ syndrome in the case. It is, however, dif- 
ficult to account for the absence of changes in the discs. 


Among the tumors which are most likely to take root in the 
brain stem adjacent to the pontofacial angle are the glioma- 
tous neoplasms, of which the following is a good example: 


Case 5: Headache, vertigo, ataxia, bilateral papilloedema, 
left facial paresis, left adiadokocinesis, nystagmus. Post- 
occipital exploration. Necropsy: Spongioblastoma, left pon- 
tofacial angle. 


History: (Adm. 255330. P.M. 5072). The patient, a young 
man, age 23 years, became subject to frontal headaches occur- 
ring at intervals of two to three weeks. At the end of one 
year, they became more frequent and were accompanied by 
dizziness. In another few weeks, his gait became ataxic, he 
was forced to hold his head back in walking. He had occa- 
sional nausea, but no vomiting. He entered the hospital on 
May 21, 1925, one year and one-half after the onset of 
symptoms. 
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Examination: There was a bilateral papilloedema (see 
Fig. 4, d) ; bilateral corneal anesthesia; weakness of the lower 
half of the left face; slight deviation of the tongue to the left. 
His gait was unsteady on a broad base with swaying to 
either side, with some tendency to fall backwards. He car- 
ried his head tilted to the left, with the chin turned to the 
right. There was slight bilateral ataxia in finger to nose tests 
and a questionable left adiadokocinesis. He pastpointed 
slightly with both hands, but more so with the left. The deep 
reflexes were hyperactive. The knee jerks were somewhat 
pendulous. The left palpebral fissure was possibly greater 


Fig. 8 Section of the brain stem, showing the invasive character of the 
gliogenous tumor in the pontofacial angle (Case 5). 


than the right. There was horizontal nystagmus on lateral 
gaze, more to the left, and slight rotary nystagmus on look- 
ing upward. 


Laboratory Data: The cerebrospinal fluid, blood and urine 
tests were all negative. X-ray examination of the skull showed 
atrophy of the sella and erosion of the clinoids. Otological 
examination disclosed absence of pastpointing when stimulat- 
ing the left horizontal and vertical canals (nystagmus nor- 
mal), indicating an interference with the fibres of the ves- 
tibulocerebello-pathway. 


Course: The lesion was thought to be probably in the left 
cerebellar hemisphere, but the vertical nystagmus pointed 
also to an involvement from pressure upon the brain stem. 
An attempt was made to do a posterior occipital craniotomy. 
Bleeding was profuse and the patient’s condition did not allow 
complete operation. Following the operation the patient devel- 
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oped signs of medullary compression. These cleared up but 
signs of pneumonia set in and the patient died in hyper- 
pyrexia. 


Necropsy Findings: Gross inspection of the brain shows 
marked flattening of gyri, marked hypertrophy and indura- 
tion of left cerebellar lobe, vermis of the left middle cere- 
bellar peduncle, due to an infiltrative neoplasm. The medulla 
at its upper part is edematous, swollen and softened (see 
Fig. 8). 


Sections of the tumor showed typical histological picture 
of spongioblastoma multiforme. Numerous flask-shaped cells, 
multinuclear giant-like rosette formations characterized the 
tumor. 


Comment: Here, in spite of the fact that the focalizing 
signs pointed to a left pontofacial angle tumor, the absence 
of impairment of hearing spoke against an acoustic neuroma; 
moreover the caloric tests indicated a stem involvement. 
The marked elevation of discs to the right also have been 
considered as suggesting a lesion infiltrating the brain stem 
and hence surgical intervention under such circumstances 
should be weighed very carefully. 


SUMMARY. 


I have come to the end of my demonstration and in sum- 
marizing offer the following: Acoustic neuroma bear clini- 
cal earmarks which when carefully looked for can be readily 
recognized. Thus, a correct diagnosis need never be missed 
and the patient can be most often assured of successful surgi- 
cal intervention. 


Tumors other than acoustic neuroma are quite numerous. 
Among them are the leptomeningiomas, which behave very 
much like acoustic neuromas; there are also the hemangiomas, 
gliomas, sarcomas and others whose behavior is quite often so 
different that it may permit the recognition of their character 
and thus often reveal contra-indications for surgical inter- 
ference. The most important contribution to the solution of 
the problem in the differential diagnosis can be made by the 
otologist employing the now available excellent methods of 
investigating both the cochlear and vestibular mechanisms. 
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IN MEMORIAM 


JOHN B. RAE, M.D., 
1867-1941. 


Dr. John B. Rae, formerly of New York City, died at the 
home of his sister in Douglas, Ariz., Nov. 20, at the age of 
74 years. 


In 1895, Dr. Rae received his M.D. degree from Glasgow 
University and immediately began the practice of his spe- 
cialty. He was at one time Professor of Otolaryngology at the 
New York Post-Graduate Hospital, and at the time of his 
death was vice-president of the Manhattan Eye and Ear 
Infirmary, and consulting aural surgeon at the Bronx Eye and 
Ear Infirmary. 


He served with the Post-Graduate Hospital unit at Base 
Hospital No. 8 during the World War with the rank of 
Captain. 


In 1924, Dr. Rae was honored with the presidency of the 
American Otological Society. He was a Fellow of the Ameri- 
can Laryngological, Rhinological and Otological Society and 
of the American College of Surgeons, and during his lifetime 
made many valuable contributions to the literature of his spe- 
cial field of medicine. 
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DR. JEAN J. E. MOURE, 


1855-1941, 


Dr. Jean J. E. Moure, the foremost French laryngologist, 
died Dec. 2, 1941, at Cannes on the Riviera, at the age of 86 
years. 


Dr. Moure was internationally recognized and honored for 
his outstanding achievements in otorhinolaryngology and he 
made many valuable contributions to its literature. 


For many years Dr. Moure was Clinical Professor of Oto- 
rhinolaryngology at Bordeaux University. Under his director- 
ship this department became famous over a period of 40 years 
and students from many nations received the benefit of his 
teachings there. 


In 1880, he founded and edited the Revue de Laryngology, 
Otology and Rhinology, relinquishing these duties only a few 
years ago to his son-in-law, Dr. Georges Portmann. 


The presidency of the International Congress on Otology 
was bestowed upon Dr. Moure in 1904; he was a Commander 
of the French Legion of Honor, a Chevalier of Christ of Por- 
tugal; from the former King Alfonso XIII he received the 
Grand Cross of Isabella the Catholic, and membership in the 
Order of Alfonso XII. 


Through the efforts of this eminent otolaryngologist, laryn- 
gology was transferred from the medical to the surgical field 
and he was famous for his operations. The younger generation 
of otolaryngologists will find their tasks much easier due to 
the unselfish and untiring efforts of Dr. Moure. 
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BOOK REVIEW. 


Voice and Articulation Drillbook. By Grant Fairbanks. Harper and 
Brothers, 1941. Cloth, 234 pp. 


This volume, an outgrowth of extensive experimental efforts at the Uni- 
versity of lowa, is intended as a basic source of drill material for individual 
clinical work in speech correction and improvement. In intelligent hands it 
lends itself to use in self-help and self-analysis, although in parts it is some- 
what too professional in tone for the lay individual. Fundamentals of phonet- 
ics and articulation are clearly presented, accompanied by drills for ready 
application. Examination forms for objective evaluation and analysis of voice 
and articulation are an attractive feature. In the consideration of voice dis- 
orders a nice distinction is made between those factors concerned with the 
original tone as initiated by the vocal cords and those factors concerned with 
the selected modification of this tone by the resonance cavities. The emphasis 
in the discussion of voice quality is placed on the former set of factors. The 
author might have enhanced the value of the volume to the practitioner if he 
had devoted more attention to that elusive characteristic of speech-voice qual- 
ity. This shortcoming has characterized many previous works on speech cor- 
rection and speech improvement. The speech clinician, however, can find 
numerous helpful suggestions of a practical nature in Dr. Fairbanks’ book. 


S. R. S. 
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The widespread use of the Storz model Adenotome proves 
its superiority. Stainless Steel. 3 sizes. Each. ..$16.50 

2485-R .. SAGE TONSIL SNARE 
This ratchet type snare assures controlled, slow enuclea- 
tion. Strong construction. Rustless............. $25.00 


2818 ....LOVE’S RETRACTOR 
A great help in lifting the soft palate for removing the 
remaining lymphoid tissue..................... $ 4.50 
2470-R .. ROSENMUELLER FOSSAE CURETTE 
Narrow, but long. Slanted upward and forward. For 


removing lymphoid tissue from around the eustachian 


- Storz Instrument Company 
2474-R 4919 Forest Park, St. Louis, Mo. 


FOR SALE 


V 


Miscellaneous Back 


Numbers 


THE LARYNGOSCOPE 


Volumes 1 (1896) to 
Volume 50 (1940) 


V 
THE LARYNGOSCOPE 


4574 West Papin Street 
ST. LOUIS, MO. AMERICAN RED CROSS 
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ADVERTISEMENTS. 


HAVE YOU 


THESE FACTS ON 


Recent U. S. government reports indicate a considerable 
increase in cigarette smoking. As physicians realize, this 
is a natural development during times of public tension. 


This situation, and the advent of recent and very signifi- 
cant research, have greatly increased the interest of the 
profession in the subject of cigarette smoking. 


Naturally, situations arise in which a physician may find it 
desirable to modify his patient’s smoking hygiene. But in 
any case, the physician is concerned about the smoke itself, 
the principal carrier of physiologically reactive substances. 


Scientific authorities in general agree that the constituent 
of cigarette smoke with the greatest physiologic significance 
is nicotine. Any reduction of this substance in a patient’s 
smoking is considered desirable by most physicians. 


When the modification of a patient’s smoking is indicated, 
here are facts which should be of interest to you: 


The makers of Camel cigarettes arranged for independent 
tests on 5 of the largest-selling brands of cigarettes. The rate 
of burning and the nicotine content of the smoke of Camels 
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ADVERTISEMENTS. 5 


CONSIDERED 


CIGARETTE SMOKING? 


were compared to the averages of the other brands tested. 


The results paralleled the findings of prominent medical 
—scientific authorities.* Here is the most important con- 
| clusion: 


THE SLOWER-BURNING CIGARETTE 
PRODUCES LESS NICOTINE IN THE SMOKE 


This research also suggests that by advising patients to 
smoke slower-burning Camels, it is possible to reduce the 

, nicotine content of cigarette smoke without sacrifice of 
smoking pleasure. Thus, the patient’s cooperation is assured. 


A RECENT ARTICLE by a well-known physician in a lead- 
ing national medical journal** presents new and important 
information on this subject, together with other data on 
the significance of the burning rate of cigarettes. There is a 
comprehensive bibliography. Let us send you this impressive 
article for your own inspection. Write to Camel Cigarettes, 
Medical Relations Division, 1 Pershing Square, New York City. 


*J.A.M.A., Vol. 93, No. 15, p. 1110, Oct. 12, 1929 
Bruckner, Die Biochemie des Tabaks, 1936 
**The Military Surgeon, Vol. 89, No. 1, p. 7, July, 1941 
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NOW— You Can Have This Improved 
MUELLER-LA FORCE ADENOTOME 


Without Screws or Other Projecting Parts to 
Irritate Your Patient’s Tongue or Mouth— 


Made in U.S.A. 


Look at the perfect, all-over smooth surfaces of this new Mueller Adenotome. Its amazingly 
simple but efficient new assembly holds the two parts and blade together without screw fasten- 
ings of any kind. It cannot scratch or irritate your patient's tongue or mouth. This improved 
adenotome has a thinner, flat blade that will not buckle, and structural refinements that permit 
closer cutting than ever before possible. Important, too, perfect fitting replacement blades can 
be ordered by number without returning your instrument. It’s the perfect adenotome for deft, 
clean action. 


With a Mere Flick of Your Finger— 
The New Mueller-La Force Adenotome Is Disassembled 


Two Simple Parts 


Simple as One-Two-Three! Draw the thumb ring Flat, Non-Buckling 


of the new Adenotome all the way back. By 
pressing down slightly on the serrated finger rest 
the top arm may then be swung free to a right 
angle, at which point it will disengage from the 
blade and the blade may be removed easily by 
hand. In but a few seconds the instrument is re- 
assembled by reversing this procedure. It’s quick. 
It’s efficient. 


The LaForce Adenotome has been widely used for Costs No More Than The Old Type! 
many years in almost its original form. Valuable im- $ 

provements have at last been made, however, in this 14.50 Stach 

new Mueller-LaForce Adenotome by removal of all 

projecting parts, instant disassembly, closer cutting, and In Small and Medium Sizes 
improved, flat, non-buckling blades. 


Chrome Plated 


ORDER NOW 


We Can Make Prompt Shipment 
While Present Stock Lasts 


(Large Size Will Be Available Soon) 


\V- MUELLER & CO. 


SURGEONS’ INSTRUMENTS HOSPITAL SUPPLIES & EQUIPMENT 
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ADVERTISEMENTS. 7 


Mono-P-Chlorophenol — 


(SOLUTION) 


For Chronic Laryngitis, Tracheitis, and Tracheo-Bronchitis 


Composed of Mono-P-Chlorophenol, Camphor and Liquid Petrolatum. At the 
Bronchoscopic and Laryngologic Clinics, this preparation of Mono-P-Chlorophenol 
is used as local application to the inflamed mucous membrane in the upper and 
lower air passages by instillation into the larynx and trachea in acute and 
chronic laryngitis, tracheitis, and tracheo-bronchitis It is also useful to allay 
inflammation of these structures during the course of tuberculosis, etc. (The 
Cc re) Lukens’ syringe is excellent for Mono-P-Chlorophenol.) 

HLOR It may be used two or three times a week or more often in acute inflammation. 


PHENOL 2 oz. bottle $0.80 8 oz. bottle......... 


LUKENS’ SYRINGE 
SOLUTION | J2118—Lukens’ Syringe, with one tube J2120—Lukens’ Syringe, with two tubes, 
only, in case $4.50 


PILLING 
PILLING Bich. 


THE LARYNGOSCOPE 
$6.00 Per Year 
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NEW Vacuum Tube Hearing Aid 


will help your patients 


Western Electric 
AUDIPHONE 


ne by the makers of 


ot nearest dealer. 


GRAYBAR ELECTRIC CO. 
Graybar Building, New York, N. Y. 


Please send folder on Western Electric Audiphones and name 


Many hundreds of men and women with 
impaired hearing are living fully once 
more because the new Western Electric 
Ortho-tronic vacuum tube Audiphone 
enables them to hear clearly again. 


Why it’s better 


Designed by Bell Telephone Labora- 
tories, the Audiphone has many features 
that contribute to easier hearing. 

Tone Discriminator enables user to 
understand more easily in noisy places. 

Overload Limitation prevents un- 
pleasant blasts from loud sounds. 

Stabilized Feedback gives a vibrant, 
living quality to reproduction of speech 
and music. 

Sealed Crystal Microphone is stabi- 
lized against changes in temperature 
and humidity. 

Hearing is Believing! 

An audiometric test enables the Audi- 
hone dealer to recommend the model 
vest suited to each patient’s needs— 

either the Ortho-tronic vacuum tube 

type or the Ortho-technic carbon type. 

If you do not know the nearest dealer’s 

name, why not send the coupon today? 

Distributed in U.S. A. by Graybar Electric Co., Gray- 
barBidg., New York—In Canada by Northern Electric 


Co., Lid., Montreal—In all other countries by West- 
ern Electric Export Corp., 20 Vandam St., New York. 
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ADVERTISEMENTS. 


The Journal of 
Laryngology and Otology 


Edited by WALTER HOWARTH 
Founded in 1887 by Morell Mackenzie and Norris Wolfenden 
Published monthly at 4s Annual subscription £2 post free 


Contains each month Original Articles, Clinical Records, 
Societies’ Proceedings and Abstracts from current literature, etc. 


A FREE SPECIMEN COPY 


will be sent to any Registered Practitioner on application 
to the Publishers 


HEADLEY BROTHERS 
109 Kingsway, London, W. C. 2., England 


OTOLOGISTS! 


What do you do for patients whose lost hearing you are unable to restore, 
or for parents whose children are incurably deaf? 


Do you merely tell them you can do nothing? It is far better to 


Help Them to Readjust 


THE VOLTA BUREAU, founded in 1887 by Alexander Graham Bell, for the increase 
and diffusion of knowledge relating to the deaf, offers you its assistance. These are 
some of its services: 

Advice as to the education of deaf or hard of hearing children. 


Literature for parents on home training, the location of schools, successfully 
educated deaf persons, etc. 


Literature for deafened adults in regard to lip reading, hearing aids, employment, 
quack remedies, and other problems. 


The use of its reference library—the largest in America on the subject of 
deafness (mainly non-medical). 


Free pamphlets for otologists, to help them in advising patients. 
THE VOLTA REVIEW, an illustrated monthly magazine published by the Volta Bureau, 


is an invaluable adjunct to the otologist’s waiting room. It keeps his patients in 


touch with what is being done for the deaf and the hard of hearing everywhere. 
Subscription, $3.00 a year. 


For further information address 


THE VOLTA BUREAU 
1541 35th Street, N. W., Washington, D.C. 
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Due to its mildly sedative 
and strongly expectorant 
action, Glykeron renders 


unusual symptomatic re- 
lief in coughs . .. in 
two ways: 


And, through the 
stimulating, sol- 


vent action of its am- 


: 1 By the analgesic 
and antispastic 


GLYKERON 


exemer 


ALCOHOL 3% PER CENT 


properties inherent in 


_ its codeine and hyos- monium hypophos= 
phite and balsam tolu, 
Glykeron effectively 
liquefies bronchial 
phlegm and aids in its 
expectoration. 


EACH FLUID OUNCE 
Cyamus content, Gly- 
keron markedly re- 


duces the reflex irri- 


This double-action antitussive thus represents a highly satisfactory 
agent for breaking the vicious circle of the weakening cough which 
serves no useful purpose, and for ameliorating the irritation caused 
by the unproductive cough. 

In a glycerine base, free from sugar and syrup, Glykeron is 
readily absorbed, produces no gastric irritation, and may be pre- 
scribed freely for diabetice. 


INDICATIONS: For the symptomatic relief of ying the fol- 
lowing conditions: colds, acute and chronic Rte laryngitis, chronic 
asthma, influenza, pneumonia and tuberculosis. 


DOSAGE: For adults 1-2 teaspoonfuls every 2-3 hours, or longer; children in 
proportion. 


HOW SUPPLIED: 4 oz., 16 oz. and '% gal. bottles. 


Send now for the highly informative brochure, 
“Cough: Its Symptomatic Treatment.” 


MARTIN H. SMITH COMPANY 
150 LAFAYETTE STREET, NEW YORK, N. Y 
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Central Institute for the Deaf 


NATIONAL RESIDENTIAL AND DAY SCHOOL 
FOR THE DEAF AND DEFECTIVES IN SPEECH 


Approved by Advisory Council of Foremost Ear Specialists and Educator 


New fire-proof buildinys beautifully located opposite Forest Park. Modern Dormitories 
and Equipment. Best home environments. constantly cate of 
experienced supervisors. 
ORAL SCHOOL FOR DEAF CHILDREN 
C. |. D, offers all advantages of exclusively Speech Training and daily expert medical 
supervision of both Resident and Day Puplis. 
Education and Training from Kindergarten (three years of age) to College. 


CLASSES FOR HARD-OF-HEARING CHILDREN 
A new department has been established for the special training of Hard-of-Hearing 
children in Lip-Reading and Speech; all grades. Salvaging of Residual Hearing Is a 
specialty of the Inetitute. The Acoustic Method was created here. 


LIP-READING INSTRUCTION FOR ADULTS 
Private and Class Instruction for the adult deaf. 
Conversational Classes for advanced pupils. 


CORRECTION OF SPEECH DEFECTS 
Correction of imperfect Phonation, indistinct Articulation, Lieping, 
Stuttering, Staminering and Aphasias. 


TEACHERS’ COLLEGE 
This department of the Institute is a Unit of Washington University and accepts appil- 
cants with adequate college qualifications, Two years’ training with graded special 
curriculum constitutes the training course. Graduates receive degrees of Bachelor of 
Science In Education from Washington University. 


Dr. Max A. Gowpstemn, Founder - - - + Miss Jutta M. Connery, Principal 
For further information address 
Dr. HELEN Scuick Lang, Acting Principal 


818 S. KINGSHIGHWAY, ST. LOUIS, MO. 
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c——PILLING INSTRUMENTS 


COAGULATING BRONCHOSCOPE 
“The Laryngoscope,” December 1935, Page 964 


This clectrode is operable from any of the standard 
BRO N CH OSCOPY diathermy coagulation units found hospital 
Pg With the increasing interest in Bronchoscopy for 
the treatment of various diseases and for diagnos- The illumination is by the regular Chevelier Jackson 
tic examination, we are prepared to submit lists triple bronchoscopic battery, available in every bron- 
according to the requirements of hospitals of choscopic clinic. 
serious sizes, We solicit your direct inquiries for 


Chevalier Jackson endoscopic instruments for 
Bronchosccpy, Esophagoecopy, Tracheotomy, etc. 
CORRECT MODELS 
All our bronchoscopic and allied instruments are 
xact duplicates of those made by us for and 
used by the Staff of the Chevalier Jackson 

Clinics. 
fy. 


FPILLING-MADE CHEVALIER JACKSON 
BRONCHOSCOPIO LAMPS 


Exactly the same as made by us for and used by Dr. Chevaher 

Jackson and his associates in the several bronchoscopic clinics 

Po Philadelphia. Avoid substitution by crdering direct 


CHEVALIER JACKSON 
TRAQCHEAL TUBES 
These authentic models are exactly the same 
as made by us for and used by Dr. Chevalier 
c jJeckson and his associutes in all Jackson 
S Clinics. Regarded as the standard every- 
where and a sect is considered egsential to 
every well-equipped hospital. Tracheotomy 
is ustially an emergency operation for which 
there is no time to order instruments. Ster- 
ling Sitver, sizes 1 to 6G. $7.50 each. 


EMERGENCY TRACHEOTOMY SET 


It is of vital importance that emergency Tracheotomy Get 
be ready for immediate use in every hospital, and i was 
with this thought in mind that Dr. Ellen J. Patterson 
assembled the following assortment of Chevalier Jackson 
instruments. In Dr. Jackson's and Dr, Patterson's Clinics 
the instruments are sterilized, then wrapped in a sterile 
gauze of towel and placed in the sterile case (included 
in the outfit), which in turn is wrapped sterile ready for 
instant use. 


NEGUS FACE SHIELD—PILLING-MADE 
P6S02—Negus Face Shield: V. E. Negus, London. American (Pilling-Made), 
consists of a glass disc attached to a fibre head band, protecting the operator's 
eyes and nose during endoscopic and other examinations and treatments, particu- 
larly useful in cases of lung suppuration. 


Before using, the glass shield is wiped with alcohol, after first being warmed; is 
thereby aseptic and prevented from becoming fogged by expired air. If the por- 
tion of shield in front of the operator's eyes becomes clouded, the disc is turned 
to give the operator clear vision. The head band is adjustable for size, a 
useful to nose and throat specialists........ oveess 


GABRIEL TUCKER VALVED 
TRACHEOTOMY CANNULA 
33194 — Tracheotomy Cannuula, with Tucker 
valve, sterling silver.only. Sizes 4, 5 and 6. 
(None smaller than No. 4). In addition to the 
inner and outer cannula, there is also an inner 
cannula with Tucker valve. “With the use of 
the valve the air passes into the tube on inspira- 
tion and on expiration the tube is closed by the 
and the sir passes out through the 
" Valve is so shaped as to prevent = 
down through tube and 
foreign body. Sterling silver only, .ct. 
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